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PREFACE 

Courses in field zoology usually Uck the convenient background of 
organization which one finds in the doctrine of evolution when presenting 
the animal series from a structural standpoint. The need of some 
logical and philosophical background for the organization of natural 
histoiy instruction into something more unified than haphazard dis- 
cussions of such animals as were encountered in chance localities, was 
keenly felt at the beginning of the author's experience as a teacher of 
field zodlogy. Evolutionary background was tried, but failed and was 
rejected; genetics and faunistics proved inadequate. Behavior as 
presented and studied by zotilogists was incomplete. Plant ecological 
methods were, when unadapted, applicable only in part, while much 
of physiology dealt with organs and internal processes. 

The organization of the data here presented Is the result of many 
attempts and failures which at times made the task seem hopeless. The 
literature relating to this subject has been written almost exclusively 
from points of view which are very different from the one here presented. 
It is scattered, and the bibliography has never been brought together. 
Accordingly its incorporation here has called for the eiq^nditure of 
much time, and often for reinterpretatJon, which is always fraught with 
danger of error. The time consumed in working over the literature has 
been great, but, for the reason stated, the amount covered has been rela- 
tively small, and the literature in foreign languages has not received its 
share of attention. Furthermore, since the bulletin b not written 
primarily for investigators, much of the literature not in English has 
been omitted from the Bibliography but some of it will be found in the 
papers cited. To present such a subject as we have before us without 
constant reference to the writings of such naturalists as BufEon, White, 
Darwin, Wallace, Bates, Belt, Hudson, Romanes, Audubon, Brehm, 
Fabre, Claude Bernard, Huber, Giard, Forel, Schmarda, Janet, Haase, 
Mdbius, Dahl, and others (35a) seems at first thought quite unjustified, 
but a complete study of the works of such men would be almost a life's 
work in itself. The writer does not claim to have a detailed knowledge 
of all the articles written by these men. He knows them only in part. 
Their facts, in so far as they are known to him and relate to the questions 
at hand, tend to support the main contentions. But the successful 
organization of such a subject depends more ufran the investigation of 
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vi ANIMAL COMMUNITIES 

the particular species and localities covered than upon work done from 
different points of view in remote localities. This bulletin is not intended 
as a textbook. Several years of work would be necessary to give it the 
completeness and form which a textbook should have, and the physiology 
which should be included in such a textbook is almost entirely omitted. 

The organization here presented has in the main grown out of three 
lines of thought: (o) the physiology of organisms as opposed to the 
physiology of organs (51)'; ifi) the phenomena of behavior and physi- 
ology, as iUustrated by the studies of Loeb (72), much of the data of 
which can be related to natural environments; and (c) the organized 
comparable data of plant ecology, as set forth by Cowles (58) and 
Warming (iz). The results of these five years of labor will not be 
pleasing to many zoologists because the principles of evolution, heredity, 
etc., have not been correlated. Their omission, however, has not been 
due to any prejudice against their introduction, but rather to the fact 
that they can only occasionally be related to this line of organization. 
It was thought also that the complexity of the problems and concepts 
here treated made separation a necessity to clearness. 

The number of problems thrown open by the investigation is infinite. 
Naturalistic observation and survey work could be carried much farther 
along the lines here blocked out. The chief lesson which the author has 
drawn from his labors is that experimental study, conducted with due 
reference to the relations of the animals to natural environments, with 
conditions carefully controlled, and a single factor varied at a time, is 
one of the stepping-stones to future progress. We are confronted with 
centuries of animal and human geography, with only inference or specu- 
lation as to controlling factors for a background, and the experimental 
study of factors in the case of man and other land animals only at its 
beginnings. Though man is a land inhabitant, all the best work along 
tiiese and many other lines has been done upon aquatic animab. The 
writer's course m the future will probably be determined by the needs 
of tiie science, and will be turned from the purely naturalistic method 
of study to a method made up of naturalistic observations and con- 
trolled experiments. 

In undertaking a new line of work, one must have first, inspiration, 
next, method and motive, and finally, in the case of ecological work, the 
assistance of a large number of persons in various departments of 
knowledge. For such assistance I wish to express my indebtedness to 

■ Numbm in parentheses, scattered through this work, refer to references in the 
Bibliography at the end (pp. 325-36). 
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the following: to Professor C, M. Child, of the University of Chicago, 
for my first serious inspiration in natural history, and for my oppor- 
tunity to develop ecology; he has also rendered important assistance 
in connection with the preparation of this work, by giving information 
regarding animals about Chicago; his assistance with the worms and 
otherlower invertebrates has been of particular im[M)rtance; toDr. H. C. 
Cowles, of the University of Chicago, for constant assistance with the 
plants and all matters relating to plant ecology. Various graduate 
students and assistants at the University of Chicago have also aided 
materially in the preservation of notes, specimens, and records. Mr. 
Beniah H. Dimmot, Dr. W. C. Allee, Mr. G. D. Allen, Mr. S. S. Visher, 
and Mr. M. M. Wells should be mentioned especially. Mabel Brown 
Shelford collected the data on the former occurrence of animals now 
extinct, and on other historical matters. 

The following have furnished identifications and important advice 
in connection with the various groups in which they are specialists: 
Dr. N. A. Harvey, Ypsilanti, Mich., Sponges. 
Dr. R. C, Osbum, Columbia University, Polyzoa. 
Dr. J. P. Moore, University of Pennsylvania, Leeches. 
Mr. P. C. Baker, Chicago Academy of Sciences, Mollusca. 
Dr. C. D. Marsh, U.S. Department of Agriculture, Copepods. 
Mr. Richard W. Sharpe, Brooklyn Institute, Ostracoda. 
Dr. Chauncey Juday, University of Wisconsin, Cladocera. 
Dr. E. A. Ortmann, Carnegie Museum, Crayfishes. 
Miss A. L. Weckel, Oak Park, 111., Amphipods. 
Miss Harriet Richardson, U.S. National Museum, Isopods. 
Mr. 0. F. Cook, U.S. Department of Agriculture, Myriopods. 
Dr. R. H. Wolcotl, University of Nebraska, Water Mites. 
Mr. Nathan Banks, U.S. Department of Agriculture, Spiders. 
Mr. C. A. Hart, University of Illinob. All groups of insects. 
Dr. J. G. Needham, Cornell University, Aquatic insects. 
Dr. Cornelius Betten, Lake Forest University, Caddis-flies. 
Mr. W. J. Gerhard, Field Museum, Hemlptera and general entomology. 
Mr. A. B. Wolcotl, Field Museum, Beetles. 
Prof. H. F. Wickham, University of Iowa, Beetles. 
Dr. Joseph Hancock, Chicago, Orthoptera. 
Mr. W. S. Blatchley, Indianapolis, Orthoptera. 

Dr. A. D. MacGillivray, University of Illinois, Sawflies and insect larvae. 
Dr. 5. E. Meek and Mr. S. F. Hildebrand, Field Museum, Vertebrates. 
Mr. Alexander Kwiat, Chicago, Lepidoptera. 
Miss Clara Cunningham, South Bend, Tamarack Swamps. 
Dr. Frank Smith, University of Illinois, Annelids. 
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Mr. S. S. Visher and Mr. Ralph Chancy contributed most of the habitat data 
on birds. Dr. R. M. Strong verified those included here which were 
also compared with Butler's account (loS). T. C. Stephens supplied the 
photographs of nests. 

Dr. P. G. Heinemann, University of Chicago, Bacteria. 

Dr. Susan P. Nichols, Oberiin College, Algae. 

Mrs. Elva Class and Mr. M. M. Wells of the University of Chicago, and Dr. 
W. C. Allee, of the University of Illinois, Gas analysb. 

Mariner and Hoskins, Commercial Chemists, Analysis of Water. 

The original records u[M)n which the work is largely based could not 
all be presented. Those placed at the end of the chapters are believed 
to be representative, in that they include some characteristic animals, 
some which are numerous but occur elsewhere also, and some of wide dis- 
tribution. The records in the text are also largely original, except in the 
case of mammals, the habitat locations of which are based upon literature. 
Mr. W. H. Osgood of the Field Museum has assisted in the editing of the 
data on mammals. Original records in this group are e^ecially indicated. 
Data on the nesting habits of birds have likewise dq)ended ufran compila- 
tion, though the locality records are those of the persons mentioned. 
Mr. W. S. Stahl, assistant United States attorney, edited the paragraphs 
on the legal restrictions upon field study and collection of animals. 

The matter of scientific names is one presenting unusual difficulties 
because of the scattered and incomplete character of catalogues. The 
work of identification having occupied several yeats, changes in nomen- 
clature may have led to some confusion and duplication of records under 
different names. The matter of correcting spelling is unusually difficult 
because of numerous vorks which it is necessary to consult for verification 
in dealing with representatives of nearly all groups from Protozoa to 
mammals. The specialists on the different groups have been very kind 
in answering any question, but the final responsibility rests with the 
author. In the main the nomenclature in the following works has 
been followed (numbers refer to Bibliography at the end of this work) : 
mammals, 21; birds, 108; reptUes, ts7, i$7a; Amphibia, 139 and 152; 
fishes, 79; flies, Aldrich's ('00) Catalogue (N.A.); beeUes, 156 and 
Samuel Henshaw's ('85) checklist; Bemiptera {HeteropUra), Bank's ('11) 
Catalogue; aquatic insects, 95 and 96; ants, 54; insects not included 
in the special lists, 177; Eymenoptera not in 177, E. T. Cresson's ('87) 
Synopsis; ^iders, 159; jp/to^nfu^andl&ndmites, I73andi84; water- 
mites, 149; myriopods, 183; mollusks, F. C. Baker's ('06) Catalogue 
for Illinois; leeches, 91a; crayfishes, 101, loia; amphipods, 102; isopods, 
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183; copepods, 146, 146a; ostracods, 147; othn Entamostraca, Herrick 
and. Turner's ('95) synopsis for Minnesota. 

In the case of several names not included in any of these works there 
are contradictory spellings, authors, etc., and we have used some name 
which we believe will be understood. 

In bringing together the illustrations, material assistance has been 
rendered as follows: 

Dr. S. W. Williston, loan of Figs. 30, 31, 31, 116, r3a, 174, 186, 187, 188, aio, 
267, 269, 170, 171, 371, 273, 274, 275, 281, 183, 184, 285, 286, from bis 
Manual 0} North American Dipttra. 

Dr. F. R. Lillie and the Biological Bulktin, loan of Figs. 66, 67, 68, 69, 83, 84, 
85, loi, as^i 35a, 353. previously published by the author in the Biological 
Bulletin. 

Professor S. A. Forbes, the Illinois State Laboratory, and the State Ento- 
niologbt's Office, loan of Fi^. 35,36, 44>45' 4<^iEtnd 73, which appeared in 
Vol. m of the Natural History Survey of Illinois, and for electrotypes of 
Figs. 261, 262, 364, 265, 288, 289, 390, 291, 392, 396, 297, 301, 302, 303, 304, 
305, 306, which appeared originally in the Annual Reports and Bulletins 
of the State Entomologist and other state and national publications. 

Professor S. E. Meek and the Field Museum, loan of Fig. 37. 

Professor J. M. Coulter and the Botanical Gazette, loan of Fig. 115. 

Professor F. L. Washburn and the Minnesota State Entomologist's Office for 
electrotypes of Figs. 136, 137, 156, 189, 194, 211, 212, 213, 339, 256, 263, 
366, 268, 276, 377, 378, 393, 398, 299, 300. 

Professor Vernon L. Kellogg, privilege of using Figs. 188, 370, 371, 274 from 
North American Insects, which appear also in WilUston's Manual of 
North American Diptera. 

Professor J. H. Emerton, privilege of using Figs. 307, 308, 334, 325 from Com- 
mon Spiders. 

Figures after Lugger appeared originally in Bulletins 55, 66, and 6g and the 
Fourth Annual Report of the Minnesota Agricultural Experiment Station. 

Figures after Marlatt, Riley, and Chittenden appeared originally in publica- 
tions of the U.S. Department of Agriculture; after Gorham, Smith, 
Jeimings, and Reighard, in publications of the U.S. Fish Commission. 

The author is also indebted to Dr. J. P. Goode, Dr. Otis W. Caldwell, 
Dr. H. C. Cowles, Professor R. D. Salisbury, Professor C. M. Child, 
and Mr. M. M. Wells for assistance in editing the manuscript and read- 
ing proof. Mr. W. J. Gerhard rendered ^cial assistance in the reading 
of the proof of the scientific names. 

It b evident from the number of persons who have assisted in the 
working over of material and the accumulation of the data on which this 
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work is based, that the survey aspect of ecology is a subject for co- 
operative investigation. Because of the complexity of the problems, it 
has been deemed advisable to publish this work even in its present 
preliminary and necessarily incomplete form, in order to make the 
material accessible as soon as possible to teachers, investigators, and 
others who are interested. 

Department of ZoeLoov 

UNiVEKStry OF Chicago 

Septembec9, 1913 
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INTRODUCTION 

Just at the be^ning of the present century, there seems to have 
been a revival of interest in plants and animals in relation to their 
environments, and various workers have turned from the study of 
anatomy and classification in the laboratory to the study of organisms in 
nature. In this, the botanists have preceded the zoologists, in success 
if not in time. In 1901 Dr. H. C. Cowles published a bulletin on the 
Plant SocieUes of the Chicago Area. This was one of the first attempts of 
an American biologist to treat all the plants of a given area in a strictly 
ecological manner. This study of all the organisms of an area, from the 
. point of view of their relations to each other and to their environment, 
b still a new or at least a renewed idea. Zoologists have devoted most 
of their attention to the study of animals from the standpoint of a single 
individual and of single species. Practically all of the more general 
study has been comparative. We have comparative anatomy, compara- 
tive embryology, comparative physiology, and comparative psychology. 
These are comparisons of the structure or physiology of one species, or 
group of species, with that of another species or group of species. 

. Our point of view is very difi'erent. We shall deal with many species 
from the standpoint of their dependence upon each other and their 
relations to their environments. We shall attempt to present what has 
been learned upon this subject during several years of investigation and 
field teaching. In the spring of 1903, the writer made his first field 
excursion in the Chicago area, and from that time has been engaged in 
further study of the subject. 

The study of organisms in relation to environment is entitled ecology. 
The definition of ecology, like that of any growing science, is a thing to 
be modified as the science itseK is modified, crystallized, and limited. At 
present, ecology is that branch of general physiology which deals with the 
organism as a whole, with its general life processes, as distinguished from 
the more special physiology of organs (51), and which also considers the 
organism with particular reference to its usual environment. 

Undertaking such a study from the point of view of many organisms 
involves matters of both ecological and taxonomic classification. Classi- 
fication of animals b difficult because animals are so exceedingly numer- 
ous. There are probably from 10,060 to 30,000 species of animals which 
the naturalbt may encounter in the area which we are treating, while 
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2 ANIMAL COMMUNITIES 

in the same area the botanist would probably find only about 3,ooo 
conspicuous plant species. Representatives of all animal species must 
be submitted to specialists for identification, ^at is, the specialist 
gives the correct scientific name to the animal. Scientific names are 
definitely arranged as below, if man is talien as an example. 
Phylum .... Chordata or Verkbrata 

Class Mammalia 

Order Primates 

Family Hominidat 

Genus Homo 

Species sapiens 

The young of many insects and of some other animals cannot be 
placed in the proper species because animal lite histories are very imper- 
fectly known. Such animals are merely placed in the proper genua or 
family. The common names of animals rarely apply to single species 
but to whole genera, families, or even orders. " Caddis-worm " is a name 
applied to a whole order of insect larvae and as these are very imper- 
fectly known the term caddis-worm is applied to many species, and, 
applied in this way, appears in many places in the text. 

Because of the large number of animals and the difficulty in nambg 
then), it is quite impossible to deal with the data in the specific way that 
might be possible with plants. Furthermore, while the data for plant 
distribution are not well known, those for animal distribution are much 
less well known. Therefore in most cases it is necessary to ^>eak in 
general terms. It is impossible and undesirable to discuss each com- 
munity of animals in detail. The facts are not knowii, and even if they 
were known, their volume would be such as to exclude the great majority 
of them from the limits of this treatise. In most cases it is best to make 
a statement of the leading facts, and a few statements about the specific 
situations to give an idea of the kinds of animals that are characteristic 
or common there. It should be noted also that the most characteristic 
animals are often not generally known and are in some cases rare. 

The scientific names of characteristic and common animals are 
included, not so much for geographers at present, as to form a basis for 
further work and comparison by zoSlogists and zoogeographers. Where 
given in the form of tables they present the actual scientific background 
for the facts here stated. Much greater detail would be needed for a 
full zoological treatment. Scientific names are usually used where the 
common names apply to many spedes. The names of authors of species 
are added in the text and description of figures only where they do not 
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appear io either the lists and tables or in the descriptions of figures. No 
attempt has been made to include the same animals in the text, tables, 
and illustrations, as the only aim has been to make each part as useful 
as possible. 

While the amount of work that might have been done along the lines 
here represented is infinite, this work represents only a general survey. 
The data are incomplete, but we believe them to be adequate for the 
purpose of illustrating the principles involved. Considerable experi- 
mental work has been conducted with reference to animal communities,' 
but it has served only as a background, and in comparing them we 
have relied upon comparison of (a) habitats and (6) species. The latter 
is fraught with many dangers, for it assumes, in the absence of evidence 
to the contrary, that the physiological character of a species is the same 
in the different situations in which it is taken. Observation has shown 
this to be true for most species within rather uncertain limits. There 
are, however, many well-known exceptions to this, some of which are cited 
in the text. Such use of species is certainly to be avoided in the study 
of the extensive or geographic distribution of animals, and it remains 
to be seen how far it may be employed locally. Certainly ecology cannot 
reach its best development if it relies upon such a method. Whatever 
further investigation may prove on this point, it is hoped at least that 
we may be ablo to suggest problems which may be attacked from new 
points of view. Should this object be accomplished, the work will have 
served its purpose. 

' The tenn community, as used here, refers to all the animals living in the same 
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HAN AND ANIMALS 

I. iNTBODUCnON 
I. CULTUKE AND NATURE 

In this discussion we are concerned with nature and our relations to 
nature. 

Nature is an enormous aggregation of things — objects— each having cer- 
tain metes and bounds, certain quaUties and powers, beyond which it cannot 
go. Now, knowledge of nature, sanity toward nature, consists exactly not only 
in ever increasing the extent of our inventory of these objects, but of recog- 
nizing, without addition or subtraction, that is, accurately and justly, the 
forms, the qualities, and the forces of these objects — what they are and what 
they are not ; what they can do and what they cannot do. 

Is there anything worse than mild folly in the belief in the "sea serpent"? 
That depends. If the belief involves the notion " monster," then yes, decidedly, 
for the belief is of the self -same kind that has prevented men from being satte, 
that has filled them with dread, in all ages. It is a question, not of nature, but 
of state of mind. The person whose mental attitude b such that he easily and 
unwittingly puts into the sea from his own consciousness a creature that does 
not exist in the sea, and holds it to be as real as those that do exist there, is 
also in a state of mind to attribute to all sorts of innocent creatures and persons 
qualities and powers they do not have and bM these powers to be as real as 
the ones they actually do possess. — Ritter (i).' 

We have all heard of the octopus or devil-fish, with its long arms 
covered with powerful suckers, which is always waiting to seize the 
unsuqtecting, choke and bite him, always grasping with another arm 
when the grip of one of them is loosened — suitable symbol of the trust. 

A peison wading in the water among rocks where there are devil fishes is 
about as likely to be attacked and bitten by one of the animals as he is to be 
injured by the explosion of a watermelon, when walking throu^ a melon patch. 
Both things are possible. 

The octopus secretes a great quantity of black fluid and makes use of this 
by squirting it into the water to envelop itself in "pitch darkness" against 
the approach of enemies. But the fluid b not poisonous, nor the leastwise 
injurious to anybody or to any creature, so far as we know. 

■ Numbers in parentheses, scattered through this work, refer to references in the 
Bibliography at the end (pp. 315-36). 
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In short, the animal is not a "honid thing," as it is painted in story and 
in many a dimly lighted imagination. Tliere is nothing devilish about it. 

And here is the moral of the "devil fish": If there is a comer of your mind 
that wants to attribute to the octopus malevolent qualities and powers that it 
does not possess, and is content to overlook or deny to it qualities and powers 
of interest and beauty that it does possess, mark my word, the same comer of 
your roind will tend to treat such at least of your fellow-men as you do not know 
well, in the same way. This unfortunate comer of your mind will, like all 
other comers, be tme to itself — to its own qualities. It is the old impossibility 
of blowing hot and blowing cold at the same time. — Ritter (i). 

We may accept this as one of our relations to nature and general 
culture, and sanity toward nature as one of the benefits to be derived 
from study of science and nature. 

2. SCIENCE AKD KATUSE 

All biological problems are problems of nature. Evolution became a 
problem only when a large knowledge regarding the number and diversity 
of animal species had been acquired. This has been the problem around 
which most zodlogical facts have been accumulated. Indeed, most 
zoologists have little interest in problems not throwing light on evolution. 
The development of zoology has therefore been one-sided. Had geology 
dung as closely to the origin of the earth as zoology to evolution, it 
would not be the unified science which we see it today. The lack of 
tmity in zoology has been caused in part by the neglect of the adjects 
which we are to take up here. In this connection, Thompson (i) has 
said of Brehm, one of the older students of natural history: "He [Brehm ] 
had unusual power as an observer of the habits of animals. His 
particular excellence is his power of observing and picturing animal 
life as it is lived in nature, without taking account of which, biology is 
a mockery, and any theory of evolution a one-sided dogma." It follows 
also that sanity in science is dependent upon a knowledge of nature. 
Our first steps in the task before us must accordingly be a consideration 
of wild nature as it really is. This can perhaps best be accomplished by 
comparing the reality with some of our conceptions of it. 

II. The Struggle in Nature 
The first step toward an understanding of our relation to nature, 
or rather the animals and animal communities of natural conditions, is 
to acquire a knowledge of the conditions of animals in a state of nature. 
There is much literature on this subject, but our conception of the 
struggle for existence and the survival of the fittest is too often entirely 
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forgotten when we are considering our relation to animals. Nature is 
cruel and heartless, and to die to become food of another organism is the 
fate of the vast majority of animals. Mr. Roosevelt has said: 

Watching the game, one was struck by the intently and evanescence of 
their emotions. Civilized man now usually passes his life under conditions 
which eliminate the intensity of terror felt by hb ancestors when death by 
violence was their normal end, and threatened them during every hour of the 
day and night. It is only in nightmares that the average dweller in civilized 
countries now undergoes the hideous horror which was the regular and frequent 
portion of his ages-vanished forefathers, and which is still an everyday incident 
in the lives of most wild creatures. But the diead is short-lived, and its 
horror vanishes with instantaneous rapidity. In these wQds the game dreaded 
the lion and the other flesh-eating beasts rather than man. We saw innumer- 
able Icills of all the buck and of zebra, the neck usually being dislocated, it 
being evident that none of the lion's victims, not even the truculent wildebeeste 
or huge eland, had been able to make any fi^t against him. The game is 
ever on the alert against this greatest of foes, and every herd, almost every 
individual, is in imminent and deadly peril every few days or nights, and of 
course suffers in addition from countless false alarms. But no sooner is the 
danger over than the animflU resume their feeding, or love-making, or their 
gghting among themselves. Two bucks will do battle the minute the herd has 
stopped running from the foe that has seized one of its number, and a buck 
resumes his love-making with ardor, in the brief interval between the first and 
second alarm from hunter or lion. Zebras will make much noise when one of 
their number has been killed; but their fright has vanished when once they 
begin their barking calls. 

Death by violence, death by cold, death by starvation — these are the 
normal endings of the stately and beautiful creatures of the wilderness. The 
sentimentalists who prattle about the peaceful life of nature do not realize its 
utter mercilessness; although all they would have to do would be to look at 
the birds in the winter woods, or even at the insects on a cold morning or cold 
evening. Life is hard and cruel for all the lower creatures, and for man also 
in what the sentimentalists call a "state of nature." The savage of today 
shows us what the fancied age of gold of our ancestors was really like; it was 
an age when huAger, cold, violence, and iron cruelty were the ordinary acoom- 
paniments of life. If Matthew Arnold, when he expressed the wish to know 
the thoughts of earth's "vigorous, primitive" tribes of the past, had really 
desired an answer to his question, he would have done well to visit the homes of 
the existing representatives of hb "vigorous, primitive" ancestors, and to 
watch them feasting on blood and guts; while as for the "pelludd and pure" 
feelings of his imaginary primitive maiden, they were those of any meek, cow- 
like creature who accepted marriage by purchase or of convenience, as a matter 
of course. — From African Game Trails, by Theodore Roosevelt; Copyright, 
1910, by Charles Scribner's Sons (3). 
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III. Man's Relation to Nature 
Mr. Roosevelt's statement is quite different from much of the poetry 
about nature, still it is a true picture. We live in a man-made nature 
from which the conspicuous animals and their deadly struggles have 
been eliminated (4, 5). Of the admirers of the beauties of nature I 
fancy that many, perhaps the majority, think of it as a series of lawn- 
like pastures, well-trimmed hedges, such as finds its ideal e]q)ression in 
some of the older countries like England. 

The trees, round, woolly, ready to be dipped; 

And if you seek for any wilderness 

You find, at best, a park, a Nature tamed 

And grown domestic like a barnyard fowl. 

— E. B. Browning, "Aurora Leigh." 
The close observer of nature, even in such man-made conditions as in 
Bedfordshire or in the Chicago parks, sees all the struggle which Mr. 
Roosevelt has depicted for the birds and mammab of primeval conditions. 
To kill is nature's first law. 

I, man's conduct towabd anuals 
There is much sentimental nonsense about nature, about animals 
and cruelty to animals, as well as much actual cruelty and wanton 
destruction of useful animals. With some people birds obscure all else 
in the animal world. The destruction of squirrels, which are equally if 
not more interesting than birds, is sometimes advocated because of their 
alleged destruction of birds' eggs. The friend of the squirrel would 
plead equally hard for the destruction of certain hawks and owls as 
enemies of the squirrel. Certainly all lovers of the insect world might 
advocate the destruction of birds to protect their particular zoological 
pets. 

That birds save the harvests of every season is believed by many. 
The student of mammals is equally sure that certain mammals are the 
balance wheel, while the herpetologist is convinced of the importance of 
snakes, and the entomologist's economic world turns about predatory and 
parasitic insects and spiders. The fact is that each view, even thus 
extremely stated, contains its elements of truth. The whole truth is 
hardly knowable. Each animal is dependent upon many others. The 
dependences are so numerous that we find it necessary to isolate par- 
ticular animals and construct them into a society of real but limited 
relations for purposes of discussion (see p. 170). Still there are a few 
things that we can be reasonably sure of. The first is that we cannot 
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interfere with any animals or the habitats of any animals without inter- 
fering with many others. The second is that all animals are of some 
economic importance. The third, that few animals can be said to be 
dther wholly beneficial or wholly noxious, excepting those reared or 
preserved for their direct utility, and those directly and perniciously 
attacking the necessities of man's existence. 

Considering the first, we note that civilized man's operations interfere 
with animals and animal habitats. His first work is to destroy all large, 
dangerous animals. He dears and cultivates the land, bringing death 
and destruction to many more, and gradually substitutes domestic ani- 
mals for wild game (5a). Vegetarians often argue for the exclusive use 
of vegetable food on the ground that animals should not be killed, but 
to secure more plants for this purpose they of necessity would clear more 
land to grow more com and thus destroy myriads of animals by methods 
more cruel than those of the butcher and huntsman. Our relations to 
animals are «of Hmfde, but very complex and our conduct often inconsist- 
ent. We cease wearing aigrettes because the collecting of them often 
leaves young birds to die, and kill every mouse and mole that happens 
to come our way, though their young must die as do those of the birds. 
Some of us wear leather shoes while arguing for a vegetarian diet because 
animals should not be cruelly slaughtered. 

Turning to the second and third ideas stated above, we note that 
few animals which feed upon a variety of foods, both plant and animal, 
can be said to be of any great usefulness, except when the plants eaten 
are useless to man. In other words, the good done the fanner by an 
animal which eats many insects, including noxious ones, may be offset 
by a destruction of grain. Birds eat a variety of food. Those feeding 
upon useful plants are not rated as of great economic importance. The 
bobolink, for example, eats grain and weed seeds in the spring when 
insects are scarce; soft-bodied insects in June and July when seeds are 
not available. In August the insects mature and are hard shelled. The 
birds now reject them for the grain seeds. This bird, furthermore, eats 
that which is available and most easily seciued during the different 
seasons. This is also true of many, probably the vast majority of 
animals. The food of fishes is to a considerable extent determined by 
the kind of food available where they are living (6). Ruthven (7) has 
found this true of garter-snakes; the same is true of men. 

Many animals, birds (8), mammals, reptiles (9), toads (to), and 
insects <^troy quantities of noxious insects, but along nith them many 
insects that are enemies and parasites of the noxious ones are also 
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destroyed. The parasites, especially, are often more beneficial to man's 
interests than the animals which devour them, and which take good and 
bad without the slightest discrimination from our economic point of 
view. Because of their destruction of parasitic insects Severin (8) argues 
that birds should not be protected. Certain mammals and reptiles often 
show a decided superiority over certain birds in this respect, in that they 
are strictly predatory and are not directly noxious at any time of year 
as are some birds which feed upon grain. 

Many animals feed extensively upon insect pests when they are 
numerous and accordingly threaten a crop. This is true of spiders, 
insects (ii), amphibians, reptiles, mammals, and birds (8), especially 
those that are largely predatory. This fact is the only sure guaranty 
of the economic value of many birds, and is perhaps overworked by the 
fanciers of the group. This value belongs equally to certain insects, 
so that if birds were not devouring such insects along with pests, these 
hexapods would probably be able to put the pests down. The other 
vertebrates also would probably be able to put down the pest without 
the aid of the birds; Forbes has said that a balance would finally be 
reached if all the vertebrates were exterminated (see 16). 

In the preceding pages we mention "sanity toward nature," 
Sanity toward nature is based upon a full knowledge of available facts. 
Partial knowledge, if fully depended upon, ts as dangerous as falsehood, 
for it leads to false interpretations. We must kntm nature, not a part, 
but the whole, if we wish to treat the simplest everyday problem of 
our reUtions to animals intelligently and justly. 

Why protect birds? Is the present attempt justified? In the 
answer to these questions all sentlmentalism should be laid aside. It 
is sometimes urged that birds have a greater aesthetic value than other 
animals. This it seems is imjustified unless the songs of some constitute 
the justification. Persons with only a small acquaintance with insects, 
mollusks, fishes, amphibians, reptiles, and mammals find as much beauty 
in these groups as the bird fancier does in his. All groups should he 
preserved for their aesthetic value as the appreciation of it depends 
entirely upon temperament,' training, and especially a knowledge of the 

■ A few persons known to the writer are repelled by birds because of theu daws, 
scaly legs, and other Teptilian characters. Many admirers of nature and auimab are 
not attracted by birds because as a rule they must be seen from a distance. Inquiry 
at close range necessitates either shooting or capturing the bird and neither is a par- 
ticularly aesthetic operation. In the case of capture, only a short period of necessary 
neglect usually renders the surroundings and often also the bird not only not aesthetic 
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group in question. From the economic viewpoint there is not a complete 
agreement as to bird protection. France does not co-^)perate with Eng- 
land in bird protection because her leaders in economic thought (Severin 
and others) have ably imposed it on economic grounds; still France is 
more progressive than England in agricultural matters. Other things 
being equal there are but two more reasons for special measures for the 
preservation of birds than for the preservation of reptiles, amphibians, 
or insects. First, birds are subject to destruction by reckless gunners. 
Second, they are less dependent upon natural conditions on the ground 
and are better able to survive after land has been put under cultivation 
than some other groups. Many other animals whose diets are varied 
have been exterminated or will be so by agriculture, leaving the birds 
as the most easy point for protective effort. The protection of birds 
should not be urged at the expense of the extermination of other animals 
because of their alleged occasional attacks upon birds. The great 
danger of acting on partial truth regarding animal interdependences 
makes societies for the protection of birds alone scientifically and educa- 
tionally unjustified. The protection of all groups should be lu'ged, in 
particular through the preservation of the natural features upon which 
th^ depend. It is well to protect fishes from seiners and birds from 
gunners but this often only delays their fate. We must also con^der 
^ere they will breed a few years hence. 

When one comes to love an animal or a group of animals, he is in 
no position to draw scientific conclusions regarding it. For this reason 
bird enthusiasts are not always to be trusted. It was the persistent 
efforts of such "benefactors" which gave us that detestable avian rat, 
the English sparrow, the feeding or sheltering of which is now a misde- 
meanor in some of our states. 

Should we slaughter animals ? As members of a system of nature in 
which to kill is the first law, we must answer in the affirmative. Man is 
the master of all destroyers. Where are the bison, the beaver, the elk, 
the thousand and one denizens of the primeval forest and prairie P We 
scarcely walk over a path or lawn without bringing "death" and "suffer- 
ing" to animals of some sort. The crime of their destruction can be no 

but malodorous snd repulsive. Thus to those who wish to examine objects closely 
other animals have a greater aesthetic value. Claims for a greater aeathetic value for 
birds must be based upon impressionistic appreciation of them in connection with 
landscape. There is no reason to desire or assume that this interest will decrease 
with time, but it is reasouable to suppose that with further dissemination of sdentific 
ideas and methods among the people a comparable amount of more serious interest 
will develop in comiection with other groups and perhaps with birds as well. 
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crime at all, in so far as the destnictioD is absolutely unavoidable. The 
wanton and useless destruction of animals not condemned as noxious by - 
years of investigation, though probably not forbidden by the example 
of the animal worid.is forbidden by the best sensibilities of every civilized 
man and woman. When the value of an animal to us is in question, the 
animal should have the benefit of the doubt, and we should hesitate 
long before introducing animals of supposed value. Certainly, also, 
every animal condemned by careful investigators should be destroyed 
whenever opportimity is presented. Mistaken and sentimental ideas 
cause the killing of many useful animals and the protection of many 
noxious ones. The farmer kills snakes and skunks whenever he has the 
opportunity, though they are among the most useful animals. Shrews 
are master destroyers of mice. Still many people mistake shrews for 
meadow mice and destroy them. Likewise the housewife kills the 
house cent^de, the enemy of household pests, as a dangerous and 
repulsive creature even in the absence of any knowledge of the question- 
able charge that it bites young infants. Mistakes are not confined wholly 
to uninitiated individuals. Misjudgment by the officials of the Brook- 
lyn Institute of Arts and Sciences, possibly influenced by the sentiment 
of Longfellow's mistaken poem on the "Birds of KiUtngworth " brought 
about one of the first official introductions of the English sparrow. Thus 
we see that the complexity of the problem demands careful study and 
conservative action. 

3. UAN-UADE COItUUNITIES 

Animal communities are divisible into primeval or primary com- 
munities, and man-made, or secondary communities (i3, 15). As has 
been noted when civilized man enters a new territory, he first destroys 
all large game which threatens himself and his domestic animals. He 
then destroys the natural vegetation and other animals by clearing the 
timber, burning all woody debris, and plowing and putting out plants 
which are entirely new to the region. Under primeval conditions, 
plants are arranged irregularly, as roughly indicated by the letters in 
Diagram i ; after being put to agricultural purposes, they are arranged as 
in Diagram 3. The plants are all of one kind and are arranged in rows. 
A grove of the original vegetation is sometimes left. The rate at 
which these changes take place is directly related to the rate at which 
man occupies and cultivates the new territory. As compared with 
natural changes, this process is rapid and is accompanied by an equally 
rapid decline of primeval or primary communities. 
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heddeb hei cd efg cbe mi 
e mefg nm be de fg fgbn 
ghi be CO dp eqfr gohifb 
bdcviwbxgyfzembndoc e ih 
efgxny uinh fgbbjnk nsfg 
ghia dftghtyb hfj tkibhc 
sdftunmgkiuoht hyfgtrdcg 
dfgythufbnjks vdg fhtgry 
hfgt fhgty sdswaq Dfhjdl 
ghtyuwiokp fbndhutbs gtu 
vdfxzabjfmua fgb yfs j i 
edfgrthfinbghb fgvnzxvcb 
erffghtjk vbxzzasxscdfge 
thigjszxlkm, j hytfsdtrfb 

Diagram i.— Showing the airange- 
ment of plants and viiniab oa a plot of 
ground under primeval coaditions. The 
wttus are f<Htuitausly chosen to rep- 
lesent the fortuitoiu urangemait of 
phnta uid accordingly the aninml* aa- 
■odated with them. Thus m, a, x, and 
2 may be taken to represent oak, maple, 
basswood, and cherry, respectively, and 
the animals associated with each. The 
other letters may be taken to lepresent 
herbs and shrubs and the animals asso- 
ciated with them. 



e d beddg jcd bgdcgdcbed cd gebc 
f eceiejfadfeedefadfcecdede 
cbaaaaaaaaaaaaaacb 
edaaaaaaaaaaaaaaed 
fg aaaaaaaaaaaaaa fg 
dcaaaaaaaaaaaaaadc 
eb aaaaaaaaaaaaaa eb 
dg aaaaaaaaaaaaaa dg 
fd aaaaaaaaaaaaaa fd 
dc aaaaaaaaaaaaaa dc. 
fe aaaaaaaaaaaaaa fe 
eg aaaaaaaaaaaaaa eg 
fci bedfg beg bdg ded j'ef gdj fc 
cgj cde fdedfdfebfcg 

DiAGBAii 3. — Showing the airange- 
ment under agricultural conditioDS. 
Here the fdants which aie put out in 
rows ale represented by a's arranged in 
lows. There are certain animals asso- 
ciated with such plants and the a's rep- 
resent these also. Land is not usually 
cultivated dose to the fences and thus 
each field is surrounded by a border of 
original shrubs, herbs, and sprouts from 
the original trees. These and the ani- 
mals associated with them are still for- 
tuitously arranged. 



By Mabbl Bsowk Shelfokd 
When the white man first appeared near Chicago no secondary 
community existed, as the aborigines lived almost entirely by hunting 
and fishing. They cultivated the land only a little, and are accordingly 
to be ranked with the larger animals as a part of the original commtmities. 
Ilie Indians of this re^on were chiefly Potawatomi, although there 
were a few Chippewas and Ottawas (14., 15). Early in 1833 (15) about 
S,ooo assembled in Chicago to treat for the sale of their entire remaining 
possessions in lUinois and Wisconsin. A treaty was finally ratified and 
in 1835-36 (14, 15) they left the region forever. They settled in Iowa 
for a time, but the advancing tide of civilization drove them 
farther and farther west. In 1890 (16) the larger part of the Pota- 
watomi, about 950, occupied land in Kansas and Oklahoma. The region 
about Chicago was particularly adapted to the life of the Indians^ and 
it was probably an important region (or them, as well as their successors. 
The innumerable water coiu'ses and ponds afforded an abundance of 
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mu&kmts, mussels, fish, etc., and the larger game of the land was par- 
ticularly abundant and diversified, because of the numerous habitats 
represented. Unfortunately, a fragmentary record is all we have of the 
decline of the primeval commimities and the development of the present 
ones. These records apply mainly to the large animals of Cook County. 
The time of the disappearance from Southern Michigan, Northern 
Indiana, and Lake County, Illinois, was probably much later and, with 
the exception of the bison, bear, and elk, the more numerous kinds of 
game nearly all still occur in the thinly settled portions of Illinms i$a). 

The earliest explorers of this region, Marquette, LaSalle, and others, 
speak repeatedly of the great abundance of large game {17, p. 34). 
LaSalle, in the autumn of 1679, sailed along the western shore of Lake 
Michigan until the end of the lake was reached. Landmg, he found deer, 
bear, and wild turkeys in great abundance. Grapevines loaded with 
clusters of ripe grapes bung from the tall forest trees and provided a rich 
feast for the bears. Continuing toward the headwaters of the Kankakee 
River, one stray buffalo was found sticking in a marsh. It was the 
bsginning of winter and the remainder of the herd had probably migrated 
South, but on entering the headwaters of the Illinois River, in the autumn 
of the following year, LaSalle says that be found the great prairies 
"alive with buffalo" (18). 

The Indians claimed that bison were very plentiful on the prairies 
until the Storm Spirit, becoming angry at the Indians, seat a great 
snowfall and very cold weather, which drove the buffaloes away and 
they never returned (19). The time of the great storm seems to have 
been between 1770 and 1780. There is good evidence, however, that 
they were found in considerable numbers in this part of the state as 
late as iSoo (30). Soon after this they entirely disappeared. As late 
as 1838 traces of them were still to be found in buSalo paths, well-beaten 
trails, leading generally from prairies in the interior of the state to margins 
of large rivers. These paths were very narrow, showing that the animals 
went in single file (30). 

In iSoo and for many years afterward, bears, deer, and elk, especially 
deer, were very plentiful. For some time deer continued to increase with 
the population because of the protection found in the neighborhood of 
man from the beasts of prey, and the gradual thinning-out of the animals 
which preyed upon them (31). Elk had almost entirely disappeared in 
1837, although a few were seen occasionally (as, 20, 3oa, 33). John 
Reynolds, an early settler of Chicago, tells of being one of a hunting 
party that wounded an elk {20a). In 1837 bears were seldom seen (30, 
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2od). Panthers and wUdcats were found occasionally in the forests (20a). 
Beavers and otters, once numerous, had almost gone (20). Among the 
rodents, the varying hare disappeared about 1834. 

In 1838 timber wolves and coyotes were still numerous (20a). The 
deer was the most common prey of the timber wolf, but these failing, they 
attacked sheep, pigs, calves, poultry, and even young colts (20). For 
some time the increase of wolves kept pace with the increase of live 
stock. ReptUes were most common in the heavUy timbered country. 
As this was cleared, they disappeared, while the prairie reptiles were 
destroyed largely by prairie fires. 

The coyote disappeared about 1844, while the timber wolf did not 
entirely disappear until about ten years later (31). The red fox, quite 
common at one time along lake Michigan, also disappeared from this 
locality, about this time, although still found occasionally throughout 
the state. The gray fox, once quite common, was no longer to be seen 
after 1854 (12). The black bear and badger had entirely disappeared at 
the same date, although the latter was still common farther south (22). 
The fisher, formerly seen frequently in the heavy timber along Lake 
Michigan, was no longer to be found. The mink, skunk, otter, and 
weasel were still common (22). 

The pocket gopher and the badger, once very abundant, were very 
rare in 1854 (22). The Canada lynx and wildcat were still abundant, 
but of the panthers a single individual was known to have been seen in 
CookCountypreviousto 1854(22). The decline and disappearance of the 
carnivores was followed by the greatest abundance of the deer. Accord- 
ing to Wood (21) the deer began to disappear from Central Illinois about 
1865 and had totally disappeared in 1870. The\r disappearance from 
Cook County probably antedated this. The opossum, at one time not 
UQOtmmon in this vicinity, was now rare except in Southern Illinois. 
The only trace left of beavers was the remains of their dams in several 
streams (2a). 

4. RECOGNIZABLE SECONDARY COMMUNrTIES 

We may recognize the following communities in the order of their 
degree of diflference from the primeval ones; 

a) Communilies of roadside, fence-row, and abandoned field vegelalion. 
— These are composed chiefly of animab which commonly inhabit weeds 
and thickets along the edges of woods. Since these are most nearly 
like the thicket or forest-margin communities treated in chap, xiii, 
they are not discussed here. 
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b) Communities of parks and pastures. — ^The ground and subterranean 
animals of both pastures and lawns are (near Chicago) chiefly such 
prairie animals as can Uve under the conditions of dose grazing or dose 
mowing. This type of community is probably better developed in 
the pastures than in the parks and lawns. The thirteen-lined squirrel, 
the May beetle grub, and the earthworms are among the common 
spedes. On the lawns a few grass-feeding species have a hazardous 
existence. On the pasture land prairie animals are more abundant, 
and an occasional prairie bird nests in a dump of weeds which the cattle 
have not eaten. 

Shrubs, when present, are inhabited by the forest-margin spedes. 
The trees present are inhabited by such forest animals as are able 
to Uve without the characteristic ground conditions of a forest and 
under the more severe atmospheric conditions. There are various 
facts pointing to a difference in the animals attacking trees differently 
located with respect to other trees; for example, trees standing alone 
in open pastures probably have a very different fauna from trees of 
the same spedes growing in the woods. This has not been fully investi- 
gated, however. The trees of the parks and lawns are often somewhat 
different from those of pastures, because of the introduction of many 
trees not native to the region. The animal communities of trees fre- 
quently indude spedes introduced from Europe. 

c) Communities of lands devoted to cultivated annuals. — ^The communi- 
ties of farm lands are made up of animals from the prairies, the forest 
margin, and marsh vegetation, together with introduced spedes, such as 
the cabbage butterfly, the wheat aphis, the Hessian fly, etc. 

d) Communities of orchards. — The communities of fruit-growing lands 
are made up of the animals from the wild haw, wild crab, wild plum, and 
other forest trees, the greater number of which are commonest on flood- 
plains. There are also a number of introduced spedes. 

e) Communities of huHdings. — ^The communities of barns, factories, 
and dwellings indude the common bedbug (introduced), the silver fish, 
the cockroaches (introduced), various buffalo bugs of which several are 
introduced; one (Dermestes lardarius Linn.) is dangerous to stored 
materials and has been known to eat holes in lead pipe; while various 
spiders, centipedes, and camel crickets occur. The house mouse, the 
Nomay rat, and the English sparrow have all been introduced. About 
75 household ^>edes are to be expected in and about Chicago. 

/) Communities of polluted waters. — In connection with the building 
of cities, we always find the introduction of sewage and industrial wastes 
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(24) into streams, ponds, and lakes. The effect of the industrial wastes 
differs with their character. Sewage practically destroys all the life of a 
stream or lake near the point of entrance, through the introduction of 
many poisonous substances, through the increase of carbon dioxide 
and ammonia and throi^h the towering of oxygen content. Nichols (35) 
states that the oxygen above the entrance of the Paris sewer into the 
Seine was 9 . 23 c.c. per liter, and immediately below i . 05 cc per liter, a 
reduction of almost 90 per cent. The typical swift-water fauna of Tlom 
Creek at Thornton was reduced to practically nil by the opening of 
the Chicago Heights sewage system. The common isopod {Asellus com- 
munis) was the only animal able to withstand tlie conditions. At a 
distance from a point of entrance of sewage the amount of plankton 
is increased by its introduction because of the nitrogen and other food 
for plants which it contains. Forbes (see 5a) reports that the amount 
of plankton near Havana in the Illinois River has doubled »nce the 
opening of the Drainage Canal. 

5. EQinUBRItJH IN THE SECONDAKY COIfUITNITIES 

Equilibration means a restoration of balance in the numbers of 
contending organisms of the community. For instance, as has already 
been noted, the deer reached their maximum number with the correspond- 
ing destruction of the carnivores by man. This indicated that the 
primeval balance between the carnivores and the herbivores had been 
disturbed. An entirely new balance has now been established through 
the complete destruction of both the large hervibores and carnivores, 
by man. Most of our knowledge of equilibration in communities has 
resulted from the study of the secondary communities of parks and 
agricultural lands. Concerning these Forbes (26, p. 15) has said: 

There b a general consent that primeval nature, as in the uninhabited forest , 
or the untitled plain, presents a settled hannony of interaction among organic 
groups which is in strong contrast with the many serious maladjustments of 
plants and animals found in countries occupied by man. [All our serious out- 
breaks of insect pests are instances of these maladjustments.] 

To man, as to nature at large, the question of adjustment is of vast impor- 
tance, since the eminently destructive species are the widely oscillating ones. 
Those insects which are well adjusted to their environments, organic and inor- 
ganic, are either harmless or inflict but moderate injury (our ordinary crickets 
and grasshoppers are examples); while those that arc imperfectly adjusted, 
whose numbers are, therefore, subject to wide fluctuations, like the Colorado 
grasshopper, the chinch bug, and the army worm, are the enemies which we 
have reason to dread. Man should then e^)ecially address his efforts, first. 
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to prevent any unnecessaiy disturbance of the settled order of the life of his 
region which will convert relatively stationary species into widely oscillating 
ones; second, to destroy or render stationary ail the oscillating species injurious 
to him; or, failing in this, to restrict theiroscillations within the narrowest limits 
possible. For example, remembering that every species oscillates to some 
extent and is held to relatively constant numbers by the joint action of several 
restraining forces, we see that the removal or weakening of any check or barrier 
is sufficient to widen and intensify this dangerous oscillation, and may even 
convert a perfectly harmless species into a frightful pest. 

Forbes mentions that cottony scale, a common pest in our parks, 
was rare in natural conditions. The close setting of trees has favored 
its increase. Close setting is nearly always a factor which has to be 
considered. 

How do pests arise 7 The recent rise of the wheat aphis may be 
taken as an example. The spring of 1907 was very warm in the southern 
part of the wheat belt, and the grain aphis, which is said to reproduce 
freely at temperatures from 100° F. to below freezii^, was accordmgly 
able to reproduce without interruption from its parasites and enemies, 
which do not become active at such low temperatures as occurred. 
When the weather grew warmer and the enemies appeared the aphids 
were so numerous that the work of the enemies was hardly appreciable. 
But since they too, like the aphids, are rapid reproducers, with such 
favorable conditions they were able to increase rapidly. With their great 
increase the aphids decreased and soon their numbers were far too great 
for the available aphid food. The enemies therefore decreased because 
of the absence of su£Scient food, and this portion of the society was 
accordingly restored to an approximate equilibrium. It is to be under- 
stood that such an oscillation in the society is far-reaching in its effects. 
It has been noted that such oscillations affect the whole community. 
The birds and mammals find certain kinds of food abundant and accord- 
ingly eat things different from what they do under different conditions. 
Such fluctuations in the animal communities are constantly going on. 

The whole process may be summarized as follows: 

1. Weather conditions unfavorable to enemies and favorable to plant pest. 

2. Increase in pest. 

3. Increase in enemies. 

4. Decrease in pest. 

5. Decrease in enemies. 

6. Balance. 
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The secondary communities of the regions about Chicago are those 
typical of the forest-border area; some of them are found throughout 
the temperate world. The communities in and about cities are not 
particularly different from those (Uscussed in general terms in the pre- 
ceding pages. This is a topic for special study and we can give but the 
briefest outline here. 

When a city is in the village stage the communities of barns and 
dwellings are crowded together and the area of cultivated land and park 
is proportionally larger than in the country. As a village grows into a 
city, usually a central area of business houses, factories, and cheap tene- 
ments, dominated by the communities of dwellings, succeeds, practically 
all others being excluded. This type usually radiates from this center 
for a short distance along the principal lines of railroad and river trans- 
portation. Except for these narrow radiations, the central business 
section is surrounded by a belt of residences, which are of the park-lawn 
type, usually with the garden or cultivated type very much reduced 
or entirely eliminated. This type extends outward along all lines of 
passenger transportation. Toward the outskirts of this, and often 
quite irregularly arranged, are vacant lots and squares allowed to grow 
up to weeds and shrubs, and which are usually occupied by forest- 
margin animals. Outside of and adjoining these is the area of market 
gardening on the lower and better soils. Other types of agricultural 
land are usually poorly cultivated in the vicinity of cities. 

A succession of conditions dominated by one or another of the second- 
ary communities may be seen as the pioneer farm passes into the city 
stage. The pioneer-farm type is succeeded by the village type, with its 
park-lawn and dwelling combination. The village gives way to the 
business center, dominated by the "dwelling" animals. As these pro- 
cesses take place, a succession of the various grades of human society is 
noticeable. In dweUings probably the first resident pest is the clothes 
moth. This is probably succeeded by the silver fish and an occasional 
cockroach before the succession of the various grades of society has 
begun. Cracks appear in the woodwork as the building becomes 
"run down," and the introduction of a lower grade of society begins. 
The bedbug next makes its appearance and marks the beginning of a 
rapid lowering of standards on the part of occupants. The house mouse 
makes its appearance and is followed later by rats and vermin which 
mark the final stages in the degeneration into a cheap tenement. 
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IV. The Economic Importance or Animals 

Why study bugs ? Why waste your time upon that which can bring 
in no money? Why study insects, worms, birds, or snakes? These 
are questions which are often asked of the zoologist, especially such as 
go into the field to study and collect animals and accordingly meet the 
public. They are questions which the zodlogist seldom can answer to 
the satisfaction of the inquirer, who not infrequently thinks the observer, 
if alone, is somewhat insane. Indeed, the conduct of one Chicago 
entomologist led to a poUce inquiry into his sanity. His offense was that 
of collecting insects under an electric light. The questions above we 
shall not attempt to answer here, except by asking, "Why study any- 
thing?" 

We have already noted the complexity of the problems of our relation 
to nature. We have noted the disturbed balance, the ravages of species 
introduced by accident and by official act. We have noted that knowl- 
edge is necessary as a basis for "sanity toward nature." We have still 
to call attenUon to some of the economic values of animals. 

It follows from the nature of the animal commimity and the close 
interdependence of the various species that every species is of some 
importance in the chain of food, space, and other relations, and every 
species is therefore of some economic importance. A few are of great 
economic importance. In addition to this we have certain definite 
practical uses and well-known matters of importance attached to each of 
the animal groups. Taking the various groups in their taxonomic order, 
we note the following: 

The protozoa are one of the important sources of food of larger forms. 
Also about a half-dozen human diseases are known (37) to be due to them, 
and the Ibt is continually growing. The shells of extinct species are 
an important part of chalk. 

The uses of sponges are familiar. Aside from their importance as 
food of other forms, the coelenterates furnish us with corals of all sorts. 
Among the echinoderms the starfish is an important enemy of the oyster 
and mussel beds (aS). The flatworms are important as parasites, many 
species having been recorded in the body of man (29). The round worms 
are of considerable importance in the same way, and some are serious 
enemies of grain. The earthworms are of much value to the soil (30). 
The crustaceans are the most important aquatic invertebrates, the 
Entomostraca being, from the standpoint of food supply, to the waters 
what rooted plants are on the land, one of the things to which nearly all 
food interaction can be traced. Some are used as food (lobsters, shrimps, 
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crabs). Some are quite extensively used as fertilizers (horseshoe crabs). 
The mollusks, aside from importaQce to other animals, give us our pearls, 
pearl buttons, shell work of all kinds (31), fertilizers. Important food, ink, 
cuttlebone, etc. (31). 

The insects are of such importance that neaiiy every state and 
civilized country maintains an expensive staff of trained men whose 
business it is to advise the public in regard to their treatment and to 
investigate the relations of insects to industry. Their ravages or fear 
of the same are the ba^ of some of the speculation which enriches some 
and pauperizes other speculators in the necessities of human life. Aside 
from this we have the numerous products from Insects — tincture of 
cantharides, honey, wax, lac (33), carmine (34), and cochineal. Many 
are used as human food in the tropics (locusts, water-bugs, flies, larvae 
of the palm weevil, etc.). Some few, such as the scorpions, are poisonous. 
Many diseases are known to be carried from person to person by insects 
and arachnids (cholera, yellow fever, malaria, sleeping sickness, typhoid, 
typhus, bubonic plague, mountain fever, perhaps leprosy) as well as a 
great host of larger parasites. 

We turn now to the vertebrates, which are familiar and their uses 
quite well known. From this group we get our leather, furs, animal 
oils (snake oU, fish oil, turtle oil, lard, whale oil, skunk oil, woodchuck 
oil, neatsfoot oil), all of which have recognition in the markets and some 
of which have peculiar properties which adapt them to particular pur- 
poses (33). Glue, gelatin, bone meal, fertilizers, bone black, etc., are 
extensively used in industries; meats, dairy products, furs, leather, etc., 
are necessities. 

We must not, however, fail to call attention to animals as the basts 
for nearly all experimental study of life processes, of heredity, of behavior 
and psychology, of diseases and their aire and prevention. The public 
should disabuse itself of the idea that biological investigators are wasting 
their time on bugs, for lower animals are the only material upon which 
the problems of our race can be solved, and imtil we are prepared to sub- 
mit ourselves to be used in the solution of our own problems, biologists 
will be compelled to use lower animals as material. 
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CHAPTER n 
THE ANIMAL ORGANISM AND ITS ENVIRONMENTAL RELATIONS 
I, Nattjue of Living Substance 
The bodies of living plants and animals are made up of living matter 
known as protoplasm (35, chap. ii). Protoplasm is a chemical substance 
or a mixture of chemical substances. It b very difficult to distinguish 
living and non-living matter by definiUon, However, we experience 
little difficulty in separating living from non-living things. This is 
because living things usually possess certain de&nite forms and ability to 
reproduce and move {especially animals). They also possess irritability. 
This is the property by virtue of which the force applied to living sub- 
stance is not in proportion to the force resulting (35, p. 134). One 
strikes a horse with a whip; the energy which the horse exerts in running 
is not proportional to the force of the blow, but is far greater. 

In considering the environmental relations of animals, we shall 
separate our discussion into that concerned with form and that con- 
cerned with movement (motor activity) and other functional manifesta- 
tions. The term function is understood to cover all action on the part 
of the various parts of the organisms, motor activity included (35a, 
chaps, vii, viii, and ix). 

II, The Relation of Foru ok Stkucture to FimcnoN 
The term animal calls forth a mental picture of activity and 
movement. The animals with which we are most familiar are those of 
large size, such as fishes, birds, and mammals. They and the groups 
to which they belong represent only a very small part of the animal 
kingdom, but we may consider one of these familiar animals as an 
example of animals in general. The black bass will serve our purpose. 
Such a fish is a complicated, highly oiganized animal (36, p. 1S3), 
possessing many organs, such as fins, gills, teeth, a stomach, an intestine, 
a liver, a heart, and a brain and spinal cord harnessed to the rest of the 
body by a series of small nerves which control all the organs. The fins, 
which are the external organs of locomotion, are sufficient in number to 
control the body and force it forward. The muscles which move the 
fins must receive nourishment in order to do their work. The nourish- 
ment is carried in blood-vessels, and the fluid which bears the nourish- 
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ment is propelled by the heart, which is an organ possessing definite 
form and a certain type of activity. In the case of a complex animal 
like the black bass, we might elaborate upon the relations of form and 
structure to activity and function almost indefinitely. It is obvious 
that the two features are related in the bass. When we consider animals 
which possess less elaborate structure, the relations become less obvious 
upon mere inspection because organs are less clearly diderentiated, but 
they are still more easily demonstrable through methods employed by 
the biologist. 

In both the lower and the higher organbms, structure may be con- 
trolled by activity. If one cuts off the posterior end or tail of a flat- 
worm, a new tail is formed. Professor Child (37) found that if the 
animals were permitted to crawl on the bottom of the containing vessels 
whde the new part was growing, the tail was pointed. If they were not 
allowed to crawl, the tail was rounded. There are many other pieces 
of ei^rimental work which show that structure may be modified by 
function. In but few cases, however, has the modified structure been 
found to be inherited. 

At present the relations between function and structure have not 
been investigated in many cases, but Child has made their relation 
quite clear by comparing the organism to a river. "The relation between 
structure and function in the organism is similar in character to the 
relation between the river as an energetic process and its banks and 
channel. From the moment that the river began to flow it began to 
produce structural configiuations in its environment, the products of 
its activity accumulated in certain places and modified its flow." It 
deposits and removes, and thus continually "moulds its banks and 
bottom, forming here a bar, there an island, here a bay, there a point 
of land, but still flowing on, though its course, its ^>eed, its depth, the 
character of the substances which it carries in suspension and in solution 
all are altered by the structural conditions which it has built up by its 
own past activity" (37 j). Thus we see that function and structure are 
mutually interactive and mutually interrelated, and, for the sake of 
clearness only, we shall separate the two rather sharply in our discussion. 

III. The Basis for the Organization of Ecology 
We have already noted that ecology deals with animal life as lived in 
nature, or, in other words, with the relations of animals to their environ- 
ments. The question of what aspects of these relations are most im- 
portant and best suited as a basis for the organization of ecology at 
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once confronts us. The selection of the basis for oi^^ization is the most 
important step before us, because if we may judge from the history of 
previous attempts, success or failure depends upon this selection. It 
appears from the preceding pages that we must choose between emphasiz- 
ing structure and form on the one hand, and function and activity, on 
the other. 

I. FORM AND STRUCTURE IN RELATION TO ENVIRONMENT 

Each article of furniture in the room where I am sitting, each gar- 
ment which I am wearing, and the watch in my pocket were made for 
a purpose, and are adapted to the purpose for which they were made. 
This is so generally true of everything with which we have to do in our 
daily lives that we come to think of the phenomena of nature in the same 
terms, often without stopping to consider whether or not it can be true 
of nature. 

The reading into nature of the idea of purpose and of adaptation has 
been a common thing since the earliest records of science (38. pp. 51-56). 
Two centuries ago the idea that animals were created to fit their 
particular place in nature, just as a watch is made for a purpose, was the 
idea held by scientists; indeed, such is often the idea of non-scientific 
people today. Later, Lamarck conceived the idea that the animal was 
not necessarily adapted to a given place, but became adapted to such a 
place by trying to live in that place, or, while not able to do a certain 
thing, became structurally able to do that thing by trying to do it, just 
as the flatworm's tail becomes pointed, and the blacksmith's arm becomes 
strong through use. Lamarck (3S, p. 169; 39, chap, vi) believed that 
the changes brought about by the uses which the organism made of its 
parts were inherited, but science has found chiefly evidence that such 
changes in structure are not inherited, and this idea of the origin of 
adaptation has been quite generally rejected. 

Following Lamarck came Darwin, who conceived the idea that all 
the individuals of a species which came into existence were not equally 
adapted to the mode of life that was necessary for them and those best 
adapted survived. Their characters, being bom with the individual, 
were inheritable and the adaptation of species to which the individuals 
belong became perfected through the destruction of the unadapted. 
The destruction of the poorly adapted and the survival of the best 
adapted is called "natural selection" or the "survival of the fittest." 

Following Darwin, a large number of investigators set to work to 
apply his theory to the phenomena of nature in detail. The ideas of 
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"protective resemblance," "mimicry," and "warnbg coloration" were 
developed (40). The idea of protective resemblance is as follows: A 
certain insect is green and lives on green leaves. The natural-selection 
observer at once theorizes to the effect that the animal is green because, 
at a time when not all the individuals of that species were green, the 
birds secured all those not green and left the green ones because they 
were difficult to see; now therefore only green ones occur. In the case 
of mimicry, one species of insect (or other animal) resembles another. 
The theorist finds or thinks that one of them is distasteful to birds and 
other animals. He further discovers or concludes that the species not 
having a bad odor or taste is not eaten by enemies because it resembles 
the distasteful species. The species having the bad odor or taste b the 
model. The species not having the bad odor or taste is the mimic. 
The mimic arose and attained its perfection because those individuals of 
the mimic species which resembled the model species survived. 

In the case of warning coloration, the animal supposed to be dis- 
tasteful has bright colors. The birds, learning that certain bright 
colors are associated with bad tastes, avoid such strikingly colored forms. 
Accordingly, the most brilliantly colored distasteful forms survive. 

More detaUed study in recent years has tended to show such specula- 
tions to be of questionable value. Such ideas must remain matters of 
speculation at present, because of the difficulty of applying experimental 
methods to their study. Based on a theory with few facts to support it, 
and not withstanding critical analysis, the ideas of structural ad^tation, 
including any of the ideas just mentioned, are not a good basis for the 
organization of a science of ecology. 

The revival of an old idea that animal species arose in places and 
by methods unknown, and by chance found places to which they were 
adapted, now constitutes the central idea of the most recent theory of 
the origin of adaptation and Is to be favored as a working hypothesis, 
because it may be tested experimentally {41). 

Another reason for the inadvisability of attempting to organize 
ecology on the basis of structure lies in the fact that structural changes 
resulting from stimulation by the environment are rarely of advantage 
or disadvantage to the animal, and further that the structure of motile 
animals Is not readily modified by the environment. A considerable 
number of animals are larger or smaller, lighter or darker, according 
to conditions surrounding them during development (42), but few 
biologists see any advantage or disadvantage to the animal in these 
changes. 
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2. FttNCnON AND ACTIVrTIZS IN RELATION TO ENVIKONHENT 

We have just noted that from the point of view of structural adapta- 
tion, structure cannot be separated from function. It is equally true 
that from the point of view of physiology, function and behavior cannot 
be separated from structure. 

Turning again to the black bass, which we have already used to 
illustrate some points, we note that for the simple act of swimming, the 
digestive tract, gills, heart, blood-vessels, brain, and muscles are neces- 
sary. They must all be present to furnish the animal with the necessary 
energy and impulses to make motions for swimming. It is obvious that 
there is a division of labor between the different organs, and if any of 
them are impaired or injured, or interfered with, the work cannot go on 
in its proper manner, or perhaps not at all. The organism is a complex 
of correlated parts and processes. If we interfere with any of these, e.g., 
the circulation of the blood of the fish, which might be done in many 
ways, the whole system of interdependent processes is interfered with. 
The fish is a highly organized animal, but the same general laws of 
relations of processes, such as respiration, circulation of food materials, 
digestion, etc., apply to animals in which there are no ^>ecial or definite 
organs to take care of each separate process. The interdependence of 
processes in the organism is sometimes called physiological proporliondity 
(37a), i.e., the work accomplished by any one set of organs or processes 
is proportional to that of another set or all the sets of processes in the 
organism. When the processes are going on in perfect accord and in 
proper proportionality, the organism is said to be in phystalogicai equilib- 
rium. The conception of the organism stated above may best be used 
in considering the relations of animal activities and functions to the 
environment. 

It is generally held that the various animal forms are made up of 
different kinds of protoplasm and that the eggs of no two species are 
alike as to protoplasmic character. They may differ only slightly in 
appearance, as for example the eggs of a frog and of a salamander, but 
even if the eggs of these two animals are laid in the same pool at the 
same time, and the conditions are essentially the same surrotmding the 
two masses, one mass of eggs develops into frogs and the other into 
salamanders (43, p. 8). The only logical conclusion is that the composi- 
tion or protoplasm of the eggs is different. 

It must be noted at the outset, therefore, that different organisms are 
made up of different kinds of protoplasm; furthermore, combinations of 
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the same living substances into different special organs would of necessity 
give different organisms different properties. 

Different chemical substances often behave differently under a given 
condition of temperature, pressure, or light, etc. Likewise, jf a cockroach 
and a house fly are liberated in the center of a room, the fly goes to a 
window and the cockroach into a shadow ; furthermore, a cold night will 
kill the house fly, while to dispose of the cockroach the proverbial two 
wooden blocks are necessary. Both differences in physioli^cal char- 
acter (behavior) are due to differences in the organisms. Different 
organisms often behave differently in the same intensity of the same 
physical factor, for example, the same temperature or light, just as the 
different chemical substances do. Different chemical substances often 
undergo different changes with variations in temperature, pressure, or 
light. Each has its characteristic reactions. Still whole groups may be- 
have quite similarly. Changes in conditions affect orgam'sms. We have 
all noted the effect of a cool day upon the activity of animals such as the 
insects. Different organisms usually behave differently in some respects, 
while whole communities may behave quite similarly in other respects. 

a) The organism as unaffected by the environment. — When all of the 
external conditions continue approximately the same, the activities of 
the organism are called spontaneous (35, p. 347). As has been stated, 
the organism is naturally active. Accordingly, movements may possibly 
take place as a manifestation of the released energy inside the animal, 
or of disturbances and changes in the organism which are not directly 
initiated by the environment. Probably animals often move without 
any external stimulation (44, chap. xvi). One who has observed the 
wonderful Japanese dancing mice knows that their constant movement 
may not be the result of the external conditions, but of the energy which 
b expended within the organism. 

Jennings (44) stated that these spontaneous movements must be 
recognized in the study of behavior, and that many errors have arisen 
from their neglect. If we see an animal moving, we should not assume 
that it is moving because of some external condition acting on it at the 
time. It may be due to previous stimulation or it may be the result 
of mtemal conditions. Growth, maturity, reproduction, and death are 
accompanied by changes in behavior, structure, etc. All may take place 
without great change in environment. 

b) The organism as affected by the environment. — Many organisms are 
not sensitive to slight changes in the external environment. Having 
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developed in, and never havmg been separated from, fluctuating con- 
ditions, they do not respond to all environmental fluctuations. The 
terms approximately constant and spontaneous used above are then 
both relative. Any change in the entemal conditions sufficient to alter 
the internal processes of the organism is called a stimulus. The visible 
movement of the organism or other phenomena resulting from stimulation 
is called the reaction. The reaction may be: (a) cessation of movement, 
(b) initiation of movement, or (c) change in kind or direction of 
movement. 

Fluctuations in the environmental conditions in nature usually 
involve more than one factor. Experiments are necessary to determine 
which factor is affecting the activities of the animal. The effect of the 
various factors taken singly upon a few animals has been determined. 
These factors are pressure, including currents and contact with other 
bodies, shock, vibrations and sound, temperature, water, chemicals, light, 
etc. For example, if we lower the temperature surrounding an insect 
sufficiently, it will become apparently stifl and lifeless (35, p. 396). If the 
temperature is raised again, the animal becomes active. The activity is 
increased as the temperature is raised until a degree of heat nearly high 
enough to kill it is reached, when the animal becomes inactive again. If 
the temperature is raised only a little more, the animal dies. In general 
changes in any factor produce either excitation or depression, or in 
other words, an acceleration or retardation of the activities. In con- 
nection with the acceleration or retardation of activity, animals fre- 
quently turn toward or away from the source of light or sound, or in the 
direction of a current of air or water. Or they congregate at a point 
where the temperature or the light or the chemical conditions interfere 
least with their internal processes. 

Such turnings or congregations are called tropisms or taxes (45). If 
the animals turn toward or go toward the source of stimulation they are 
said to be positive. If they turn away or go away or congregate at a 
distance they are called negative. The names applied to the reactions 
are given below. There are various theories as to the exact manner in 
which these turnings and congregations are brought about, but, as a 
rule, animals congregate where their internal processes are least inter- 
fered with, and random movements nearly always play some part in 
the process. There are two sets of terms applied to such responses 
as described above; they are given in parallel columns below (p. 29). 
Taxis means arrangement. Tropism means turning. 
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Reactions to light are called 


pbototazis ( 




temperature are called 


thennotaxis 


" thermotropism 


" moisture are called 


hydrotaxis 


" hydrotropism 


" gravitation are called 


geotaris 


" geotropism 


" chemicab are called 


chemotaxis ' 


" chemotropism 


" contact are called 


thigmotaxis ' 


" stereotropism 


pressure are called 


barotaxis 


" barotropbm 


" electric currents 


galvanotaxis ' 


" galvanotropism 


" current in medium 


rheotaxis 


" rheotropism 



If we place a number of common pond snails in a dish which is dark 
at one end and grades to sunlight at the other, we find that most of the 
snails are found after a time in taint light. The explanation of thb 
phenomenon is that the snails are stimulated by intense light and by 
very weak light, i.e., either of these conditions of itlumination interferes 
with some of the internal processes of the animal, and the random 
movements which result bring the animal into various conditions, one of 
which (faint light) relieves the disturbance. The animal then ceases to 
move at random, because its internal processes are no longer interfered 
with by the stimulus. The snaU's activity is lessened, or it turns back 
from regions of either too strong or too weak light; accordingly, most of 
the snails are found in faint light. The internal processes have been 
adjusted or regulated. The snails are said to be negatively phololactic to 
strong light and positively phololactic to weak light. 

The animal lives in an environment which is constantly changing. 
Its spontaneous movements are constantly bringing it into different 
conditions. It tends to regulate its internal processes by selecting the 
point in the environment in which its internal processes are not dis- 
turbed. The writer has observed snails in ponds. They move into their 
optimum light, i.e., the Ught which does not disturb them. On dark 
days they are found in the light. On sunny days they are found in the 
shade of the vegetation. They shift their position according to condi- 
tions and their distribution at any given time is a better index of 
conditions than the distribution of plants in the same pond. 

c) Modifiability of behavior and different physiological slates. — We all 
know that our actions may be modified by experience. There are but 
few people who have not been greatly frightened by some accident 
accompanied by a characteristic noise. For days afterward, one starts 
at the slightest unexpected noise. His response has been modified. 
It b a well-known fact in aninuit training that an animal may be 
"spoiled." A horse may be ruined for some purposes by an accident 
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which has caused it to run away, for it thereby acquires the habit of 
running away. In the lower animals we find the same condition; their 
behavior may be modified, but the modifications are less permanent 
than in man and other mammals. 

Changes within the organism cause approximately fixed environ- 
mental conditions to act as stimuli. Changes are going on all the time 
within the organism. Such changes may result from growth, maturation 
of sexual products, or other causes. The organism may be in physiologi- 
cal equilibriimi (see p. 26) in a given set of conditions before the devel- 
opment of the e^s and spermatozoa begins, but these processes are 
accompanied by other great physiological changes, which frequently put 
the animal out of adjustment to its surroundings. 

The queen ant is in physiological equilibrium in the darkness of the 
nest until she becomes sexually mature. She then becomes positively 
phototactic, goes toward the light, flies from the nest with the males, 
and, being negatively geotactic, stays away from the ground. When fer- 
tilized, she at once becomes negatively phototactic, [>ositively geotactic, 
and positively thigmotactic. Accordingly she places her body in contact 
with the groimd, and burrows into it and starts a new colony. The ant 
is then in a ditferent physiological state after becoming sexually mature, 
and in a third state after fertilization. 

3. ENVntONUENTAL CHANGES 

a) Daily changes. — The physiological responses of animals to these 
changes have an important bearing on their relation to ^ch other. 
Some forms are diurnal, others nocturnal, others crepuscular/ Some are 
probably active all the time, but move into different positio^ in the day 
and in the night. For example, some pelagic animals (Jiich float or 
swim freely in water and are independent of bottom) are ilimerous near 
the surface at night, but migrate to considerable depth|ii|pring the day, 
as a response to light. Many animals bear relations t» day and night, 
which in some cases may be of an adaptive character. Some forms are 
active during the day, and hide themselves during the night, either in 
burrows or under suitable objects. Those which simply crawl under 
loose objects during the day frequentiy appear at artificial lights in 
the evening. 

It is not impossible that there are structures in the bodies of many 
animals which are the product of the different condiUons of day and night 
during critical periods of growth. Thus Riddle (46) has found that the 
barrings of the feathers of certain birds are due to low blood pressure at 
night (feeble circulation) during the growth of the feathers. 
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b) Seasonal changes. — ^These involve great changes in the physio- 
logical states. Inactivity is the rule in winter; growth and activity in 
the other seasons. The plants and animals of a locality do not all reach 
sexual maturity or the greatest growth activity at the same time during 
the growing season, but different species succeed each other as the season 
advances {47). The food and enemies of a given species, which is present 
in an animal community for a large part of the growing season, differ 
from time to time. 

c) Weather changes. — These constitute fluctuations of conditions 
calling forth special types of behavior. Some animab hide when the 
wind begins to blow; some burrow into the ground on cool and cloudy 
days. 

4. HABITAT PRErERENCES 

By virtue of being unlike or possessing different properties, the various 
animal species require different conditions for the best adjustment 
of their internal processes. For example, the carp lives in shallow and 
muddy ponds and rivers, while the brook trout lives only in dear swift 
streams. These two organisms are able to move about and find places 
to which they are suited. The differences between them are clearly 
indicated by the differences in the habitats which they prefer. 

By observation and by experimentation it has been shown that 
ftnimak select their habitats. By this we do not mean that the animal 
reasons, but that selection results from regulatory behavior (p. 39). 
The animal usually tries a number of situations as a result of random 
movements, and stays in the set of conditions in which its physiological 
processes are least interfered with. This process is called selection by 
trial and error. If animals are placed in situations where a number of 
conditions are equally available, they will almost always be found living 
in or staying most of the time in one of the places. The only reason to 
be assigned for this unequal or local distribution of the animals is that 
they are not in physiological equilibrium in all the places. However, 
some animals move about so much that it is with some difficulty that we 
determine what their true habitats are. 

5. THE HOST IMPORTANT ACTIVITIES OF AN1UALS 

Animal activities are classified as feeding, breeding, hiding, sleeping, 
etc. The strength of a chain is the strength of its weakest link; the 
activity which determines the range of conditions under which a species 
wilt be successful is the activity which takes place within the narrowest 
limits. This is usually the breeding activity. The breeding instincts 
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are the center about which all other activities of the organism rotate, 
and the breeding-place b the axis of the environmental relations of the 
organism (6, 48, 49, 50). Migratory birds are our most striking motile 
forms. They may migrate great distances, but always come back to the 
same kind of area to breed. 

Failure to recognize the relative im[>ortance of the different activities 
is in part responsible for the general unorganized state of our knowledge 
of natural history. Investigators have often failed to interpret the 
relations of animals to their environments because they have regarded 
the records of the occurrence of all stages of the life history as equally 
important. They have considered the occurrence of the most motile 
stage in the life history as significant, for example the occurrence of an 
adult butterfly. Plant ecologists would have met with equal success if 
they had studied only the environmental relations and distribution of 
wind-disseminated seeds. 

We have noted reasons for not putting primary emphasis on structure 
and form as a ba^ for the organization of ecology. The above discus- 
Mon shows that activities are actually most important, and accordingly 
may be used in ecological study. However, since structure and activity 
(function) are always correlated, we should never lose sight of the former. 

IV. Scope and Meaning of Ecology 

I. SPECIES AND ECOLOGY 

In practice, species are diagnosed in terms of structures, such as 
number and arrangement of bristles, hair, form, color, size, etc. Such 
characters are commonly called morphological. In ecology, the morpho- 
logical characters of species are of little or no significance. Stilt, since 
habitat preferences are commonly closely correlated with the characters 
used to separate species, some progress in ecology can be made by the 
study of the distribution and environmental relations of species, but if 
this is not carefully checked by experimentation one may constantly 
fall into error. 

2. yOKES — PHYSIOLOGY THE BASIS OF ECOLOGY 

As we have already seen, ecology' is that branch of general physiology 
which deab with the organism as a whole, with its general life processes as 

' The unorganized phases of ecology are sometimes called nalutal history, biology, 
ethology, or bionomics, but usually by men having little understanding of plant ecology 
or who for some reason object to the word ecology (see 350, pp. i8-ii). The term 
ecology is applied to those phases of natural history and physiology which ate organ- 
ized or are organUable into a. science, but does not include all the unorganizable data 



„Goog[e 



PHYSIOLOGY AND ECOLOGY 33 

distinguished from the more special physiology of organs (13, 51). With 
these limitations upon the term physiology, what may be termed 
pbjrsiological life histories (5 a) covers much of the field. Under this 
head fall matters of rate of metabolism, latency of eggs, time and condi- 
tion of reproduction, necessary conditions for existence, and especially 
behavior in relation to the conditions of existence. Reactions of the 
animal maintain it in its normal environment; reactions are dependent 
upon rate of metabolism (53 and citations), which may be modified by 
external conditions. Behavior reacUons throughout the life cycle are a 
good index of a physiological life history. 

If we knew the physiological life histories of a majority of animals, 
most other ecological problems would be easy of solution. The chief 
difficulty in ecological worii b our lack of knowledge of physiological life 
histories. With elaborate facOities these may be worked out in a 
laboratory. Ecology, however, considers physiological life histories 
primarily in nature, and for this reason the central problem of ecology 
is the mores (13) problem. This may be defined as the problem of 
physiological life histories in relation to natural environments together 
with that of the relations of organisms in communities. The latter is 
not a part of physiological life histories, the mores conception being the 
broader. An ecological classification is a classification upon a physio- 
logical basis, but since structure and physiology are inseparable, we 
must not forget the relations of structure to ecology and to ecological 
classification.' 

V. ComfUNITIES AND BlOTA 
I. BASIS 
Animals select their habitats probably by trial and error. The simple 
fact of selection is, we believe, familiar to all naturalists. A given 

of natural history. There has never been any attempt to organize natural histoiy 
tuid physiological data into a science under the head of ethology, biology, or bio- 
nomics, and the use of these terms will not seem Justified until the materials to which 
they have been apjdied are organized into a science. 

■ Mores (Latin singulaT mcs), "behavior," "habits," "customs"; admissible here 
because behavior is a good index of phy^ological conditions aud constitutes the 
dominant phenomenon of a physiological life history and of community relations. 
We have used this term just as /am t,ad forms are used in biology, in one sense to 
apply to the general ecological oltribuUs of motile organisms; in another sense to 
aniirutls or groups of animals fassessinf particular ecological attributes. When applied 
in this latter sense to single animals or a single group of animals the plural is used in 
a singular construction. This seems preferable to using the singular form mas which 
has a different meaning and introduces a second word. The organism is viewed as a 
con)[dex of activities and processes and morei is therefore a plural conception. 
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environmental complex is selected by a number of species. All of the 
animals of a given habitat constitute what is known as an animal 
communiiy; all the life (plant and animal) is a biota. It follows that 
there is often a certain physiological or ecological similarity in the species 
which select the same or similar habitats. When not ecologically, 
similar, animals living in the same or similar habitats are usually 
ecologically equivalent, i.e., they meet the same conditions in di^erenl ways. 
For exanqile, in a swift stream, the small fishes known as darters maintain 
themselves against the swift current by their strong swimming powers 
and by orienting against the current (positive rheotaxis). The snails 
(Goniobasis) are able to maintain themselves because of the strength of 
their foot and positive rheotaxis. The darters and snails are ecologically 
equivalent with respect to current. 

There is a marked agreement of all the animals of this community in 
their reactions to the factors encountered in the stream. This agreement 
is due (a) to the selection of the habitat through innate (instinctive) 
behavior (40, 49, 54, 55), and (6) to the adjustment of behavior to the 
conditions through the effects of physical factors and through formation of 
habits and associations (44, 53). 

Animals of the same species show behavior differences in different 
habitats (44, chap, xxi; 55, p. 5S4; 53). Bohn found that the sea 
anemones living near the surface of the sea, where the wave and tide 
action are strongest, showed more marked rhythms of behavior in relation 
to tide than those living lower down where the action of the tide and 
waves is less marked (53*1, p- 156; 53 b, p. 155). These rhythms dis- 
appeared slowly when the animals were removed from the tide to the 
aquarium. Many such cases are probably to be found in the natural- 
history literature. For example, the chipmunk Offers in behavior under 
different conditions {11, p. 523). Abbot (S3C, p. 104) makes a similar 
statement about fish. It is apparent then that one species may have 
several mores. Different species may sometimes have identical mores; 
these cases are usually separated geographically (55, p. 604). In 
addition to these relations, the relation of ecology to species is largely a 
matter of language, names being necessary as a means of referring to 
animals. 

The physiological and behavior relations of animab in the same 
community are of much importance and are included under (a) inter- 
physiology or psychology and (6) inter-mores physiology or psychology. 
(a) Inter-physiology.— Tz-ide ($$, citations) is the author of the idea of 
inter-psychology — the psychology of the relations of individuals of the 



/'^dk/il^' 



„Goog[e 



PHYSIOLOGY AND ECOLOGY 35 

same species (man). He suggests that the social psychology of man 
may be traced to the inter-psychology and physiology of the lower 
animals. If this is true, then we can be more certain that the inter- 
psychology of the higher forms has developed from the inter-physiology 
of the lower forms (55 and citations). To this should be added the 
behavior between different ^>ecies, while acting or living together as 
one. In the steppes ecologically similar animals frequently act as one 
species. Mr. Roosevelt has said that one of the most interesting features 
of African wild life is a close association and companionship often seen 
between totally different species of game (3). Mr. Roosevelt shows 
the zebra and hartebecst herding together, (fi) InUr-mores physiology 
(between ecologically dissimilar forms, or antagonistic forms). — ^The 
relations of animals of different size, habits, etc., to one another involve 
some of the most striking features of behavior. Much of the behavior 
which tends to protect animals from enemies falls under this head.' 

In all cases of modification of behavior by the phj^cal environment 
or by relations to other animals of the community and in all cases where 
the habitat is selected, the habitat is the mold into which the organism 
fits. The study and analysis of the habitat is a necessity as soon as the 
sekclum of habitat and the adjustment 0/ behavior and physiological makeup 
to the environment are shown to be general facts. Since habitats are differ- 
ent, animal communities occupying different habitats are physiologically 
different for the reasons just given. 

The relations of the animals which make up communities are 
relations of life histories. The life histories of the different species are so 
adjusted to conditions that ail animals do not reach maturity and greatest 
abundance at the same time. Some species continue throughout the 
season; for example, mammals because of their long lives, and some 
species of aphids or copepods because of their great fecundity and 
peculiar physiological makeup. There is a succession of mature or 
breeding animals with the change of season. A similar phenomenon 
is noticeable in plants. Such succession is called seasonal succession 
{471 S^)- Different species of the same community come into relation 
at different seasons of the year. 

Communities are systems of correlated working parts. Changes are 
going on all the time as a sort of rhythm much like the rhythm of activity 
in our own bodies related to day and night. In addition to this, com- 
munities grow by the addition of more species, decUne, and finally 

■ It is at this point that ecology comes Into contact with the theoriM of natural 
selection, adaptation, mimicry, etc. 
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disappear from the locality with changes in environment produced 
either by themselves or by physiographic or climatic changes (57, 58). 
The general growth or evolution of environmental conditions and 
the communities which belong to them, are included under succession. 
The word succession is used in three distinct senses. We speak of 
(a) geological succession, (6) seasonal succession, and (c) ecological 
succession. 

a) Geological succession is primarily a succession of ^lecies through- 
out a period or periods of geological time. It is due mainly to the 
dying-out of one set of species and the evolution of others which take 
their places, or in some cases to migration. 

b) Seasonal succession is the succession of spedes or stages in the life 
histories of species over a given locality, due to hereditary and environic 
differences in the life histories (time of appearance) of species living there. 

c) Ea4ogical succession of animals is succession of mores over a given 
locality as conditions change. If "species have relatively fixed mores we 
have succession of ^>ecies. When mores are flexible we may have the 
same spedes remaining throughout, with changes in mores. It is on the 
basis of ecological succession that we arrange the data presented in chaps, 
iv to xiv and proceed with discussion. The re^>onse of the organism 
to the condition of the environment is only occasionally or partially 
dependent upon ecological succession, but this is the only notable 
phenomenon about which habitats and animal communities can be 
arranged into a natural order. 

2. CLASSmCATtON OF COlOtUNITIES 
Ecological classification of animals must be based upon community 
or similarity of physiological makeup, behavior, and mode of life. Those 
natural groups of animals which possess likenesses are the communities 
which we must recognize. One community ends and another begins 
where we find a general more or less striking difference in the larger mores 
characters of the organisms concerned. These communities usually 
occupy relatively uniform environments (sSa). 

a) Ecological terminology (13).— Terminology in ecology b still 
unsettled and changing. Groupings have thus far been based upon 
similarity of habitat. Habitat likenesses have in general been based 
upon general resemblances. General resemblances have not always been 
accompanied by similar physical conditions. In general there has 
been an agreement in the recognition of strata, of associations as com- 
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munities based upon minor difiereaces in habitats, and fonnations based 
upon larger major differences in habitats. 

We give the communities of different orders below with taxonomic 
divisions of corresponding magnitude opposite for comparison. A^th 
the exception of the first, these taxonomic groupings do not bear the 
slightest relation to the ecological groupings, but are added to indicate 
magnitude. 

EcoUxicsl Graipt Tsnoomic Granp* 

{Moi) mores Fonn (fonns) (species) 

Ctmsocies Genus 

Stratum or story Family 

Assodatton or society Order 

Formation Class 

Extensive formation Phylum 

(AquaUc and terrestrial) (Vertebrates and invertebrates) 

Mores, in the technical sense in which the term is used here, are 
groups of organisms in full agreement as to physiological life histories 
as shown by the details of habitat preference, time of reproduction, 
reactions to physical factors of the environment, etc. The organisms 
constituting a mores usually belong to a single spedes but may indude 
more than one fpedes as specificities oj behavior are not significant (15). 

Ctmsocies are groups of mores usually dominated by one or two of the 
mores concerned and in agreement as to the main features of habitat 
preference, reaction to physical factors, time of reproduction, etc. 
Example: the prairie aphid consocies. The aphids dominate a group 
of organisms which for the most part prey upon them, as, for Instance, 
certain species of lacewing, lady beetles, syrphus-flies, etc. (13). 

Strata are groups of consocies occupying the recognizable vertical 
divisions of a uniform area. Strata are in agreement as to material for 
abode and general physical conditions but in less detail than the consocies 
which constitute them (13). 

For example, a forest-animal community is dearly divisible into the 
subterranean-ground stratum, field stratum (zone of the tops of the 
herbaceous vegetation), the shrub stratum (zone of the tops of the 
dominant shrubs), the lower tree stratum (zone of the shaded branches 
of the trees), and the upper tree stratum. A given animal is classified 
primarily with the stratum in which it breeds, as being most important 
to it, and secondarily with the stratum in which it feeds, etc., as in nuiny 
cases most important to other animals. The migration of animals from 
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one stratum to another makes the division lines difficult to draw in some 
cases. Still, the recognition of strata is essential but a rigid classification 
undesirable. Consocies boring into the wood of living trees probably 
should be considered as consocies relatively independent of stratification 
phenomena {13), 

Associations are groups of strata uniform over a considerable area. 
The majority of mores, consocies, and strata are different in different 
associations. A minority of strata may be similar. The term is applied 
in particular to stages of formation development of this ranking. The 
unity of associations is dependent upon the migration of the same indi- 
vidual and the same mores from one stratum to another at different times 
of day or at different periods of their life histories. Migration is far 
more frequent from stratum to stratum than from one association to 
another (13). 

Formations are groups of physiologically similar associations. For- 
mations differ from one another in all strata, no two being closely 
similar. The number of species common to two formations is usually 
snull (e.g., 5 per cent). Migrations of individuals from one formation 
to another are relatively rare (13). 

Extensive formations are groups of formations clearly influenced by a 
given climate in the case of land formations and by the topographic age 
of a large area and by climate in the case of aquatic formations (13, sSa). 

A sub-formation is an association or a poorly developed phase of a 
formation. The term is used in comparing communities of the ranking 
associations when viewed from the standpoint of physiological differ- 
ences but without reference to genetic history. Accordingly the same 
community is referred to as an association in the genetic sense and a 
sub-formation when the point of view is that of physiological difference 
or resemblance. 

b) Animai communities of the forest-border region. — ^The forest-border 
region is the western line of demarkation between forest and steppe (see 
prairie area of Fig. 8, p. 51)- The following is a list of the chief animal 
communities of the area about the south end of Lake Michigan. It is 
not intended to be complete, but rather to illustrate the use of the terms 
with particular reference to the communities to be mentioned later on. 
The term community is used in the general sense. Association is 
applied to stages in genetic development, with sub-formation as an 
alternative as defined above. The classification here presented in outline 
is artificial and attempts to combine the historical or genetic with the 
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purely physiological points of view. Accordingly some communities are 
mentioned more than once. Others have two names. 

I. Stream Communities 

I. Intermittent stream communities 

a) Intermittent rapids c<msocies 

b) Intermittent pool amtocUs 

c) Permanent pool, or homed dace association 
3. Permanent stream communities 

a) Spring dominated stages 

i) Spring coMOCMi 

3) Spring brook associations 
3. Creek and river communities 
a) Pelagic sub-formation 
6) Bydropsycke, or rounds formation (turbulent-water formations) 

c) .IfMNJimtoii^/enujikriaMfM, or sand or gravel-bottom formations 

d) Sandy-bottomed stream sub-formation (shifting-bottom sub- 
formations) 

e) Silt or sluggish-stream communities 
i) Sluggish-creek sub-formations 

a) Pelagic formations 

3) Hexagenia, or silt-bottom formation 

4) Planorbis bicarinatut, or vegetation formation 
II. Large Lake Communities 

I. Pelagic formations 

a. Eroding rocky-shore sub-formations (turbulent-water formations) 

3. Depositing sandy-shore sub-formations (shifting-bottom sub-forma- 
tions) 

4. Lower-shore formations 
S- Deep-water formations 

III. Lake-Pond Communities 
I. Pelagic sub-formations 
3. Pleurocera subulare, or terrigenous-bottom formation 

3. V^etation formation 

a) Leptocerinae, or submerged vegetation association 

b) Neuroma, or emerging vegetation association 

4. Temporary pond formations 

IV'. Prairie or Grassland Formation of the Savanna Climate 

1. Xiphidium Jasctatum, or grassland association of moist ground and 
marsh vegetation in the savaima and forest climates 

2. Prairie chicken, or high-prairie association of the savanna climate 
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. Thicket or Forest Margin Sub-Fonnations of the Savanna and Forest 
Climates. Ph)i^logical group in the main though the "candlehead" 
sub-formatJon may devebp into V, a, or VI, 7, d 

I. Wet-ground thicket sub-formations (lower strata periodically sub- 
merged) 

a) River deposit or stream-margin thicket sub-formations. Associa- 
tion in the development of flood-plain forest 

b) Marsh and pond-mai^ thicket sub-formations (first association 
in the development of forests in marshes) 

c) Candlehead or moist forest margin sub-formation of the savanna 
and deciduous forest climates 

a. Straussia longipetmis, or high forest margin sub-formation of the 
savanna cUmate (a climatic aub-formation of considerable permanency, 
probably not usually a genetic type) 
, Forest Communities of the Deciduous Forest Climate 

I. Elm-esh aeries of communities 

a) Low prairie associations (see IV, i) 

b) Marsh-margin thicket associations (see V, i,b) 

c) Elm-ash associations 

1, Tamarack or floating-bog series of communities 

a) Low prairie or floating-bog association (pitcher-plant amsocies) 

b) Marsh-margin thicket assodatbns (see V, i,b) 

c) Tamarack-forest formations 

3. Flood-plain series of communities 

a) Terrigenous river-margin assodatioos 

b) Stream-margin thicket associations (see V, i, a) 

c) Elm and river-maple associations (not studies) 

4. Clay series of communities 

a) Ciciudela purpurea UmbaUs, or bare day association 

b) Sweet-clover association 

c) High forest margin associations (see V, 1) 

5. Rock series of communities (little studied) 
o) Bare rock cotuocits 

b) Thicket association (probably hi^ forest margin, V, 3). Later 
stages not well rq>resented near Chicago 

6. Sand series of communities 

a) Lake-margin assodadon 

b) Cicindda Upida, or Cottonwood assodaUon 

c) Cicindda leamtei, or the pine assodatbn 

d) Ant-lion or black-oak association 

7. Climatic forest formation of the dedduous forest climate 

a) Birch-maple association of the tamarack-forest series 

b) Panorpa, or oak-elm-basswood association of the flood-plain and 
marsh-forest series 
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c) Hyaliodei vtiripamis, or black-oak, red-oak association of the sand 
and other sterile soil series 

d) C»»fMfeIai»j»tf<Ka, or red-oak, hickory association (dimax, or final 
forest association of the savanna climate) 

e) Wood-frog or beech-maple association (the climax or final associa- 
tion of the forest climate) 

The evidence for the relations of the different formations and 
associations here suggested is presented from time to time in the following 
pages, and on the basis of this, is graphically represented in Diagram 9, 
on p. 31a. where both physiological and genetic relations are indicated. 
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I. Nature and Classihcation of Environments (350, ss. 58)' 
The environment is a complex of many factors, each dependent 
upon another, or upon several others, in such a way that a change in any 
one effects changes in one or more others. The most important environ- 
mental factors are water, atmospheric moisture, light, temperature, 
pressure, oicygen, carbon dioxide, nitrogen, food, enemies, materials 
used in abodes, etc. In nature the combinations of these in proportions 
requisite for the abode of a considerable number of animals are called 
"environmental complexes" (55). It is our purpose to consider animals 
as inhabiting environmental complexes, rather than to isolate their 
responses to various single factors. The consideration of environmental 
complexes in any comprehensive way would consume much space and 
require extensive and special knowledge of many fields. Accordingly, 
we can present here only the briefest outline of some of the principles of 
classification, and the important features. 

If one is to understand the most elementary principle of the dassi- 
lication of environments, he must recognize the distinction between 
local and (55, $Sa) climatic environmental complexes. Local complexes 
are often referred to as secondary or minor conditions or as edaphic or 
soil conditions. The climate, and such features as types of vegetation 
covering Urge areas, e.g., steppe, deciduous forest, etc., are commonly 
regarded as dimatic. Opposed to these, and lying within them, are the 
local conditions, such as streams, lakes, soils, exposure, etc, which are 
only indirectly dependent upon climate. The idea can be better illus- 
trated by the desert than by our own region. For example, in the 
Mohave Desert, the climatic conditions may be characterized as hot 
and arid. Within this desert are a few streams fed by mountain rain- 
fall. These streams are local conditions in themselves, and produce 
others, such as moist soil, and types of vegetation which do not belong 
to the desert. Within the area about Chicago are represented two 
geographic complexes, the savanna and the deciduous forest, and lying 

■ Numbcn in the text Id parentheses refer to references in the Bibliography 
(pp. 3'S-36). 
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in and among these are various local complexes. The history to follow 
applies particularly to the local complexes. The analysis into factors 
applies to both local and climatic. 

II. The Ihfortakt Factors and Their Control in Nature 

Little experimentation has been conducted with a view to determin- 
ing the relative importance of cUfferent factors in the control of animals 
within an environmental complex. It is known, however, that moisture 
(evaporating power of the air), light, and materials for abode are factors 
important in the life of land animals; carbon dioxide, oxygen, materials 
for abode (including bottom), and current, in the life of aquatic animals. 
The evidence for these statements cannot be presented here, but will be 
given in appropriate places throughout the discussion which follows. 

I. THE CONTROL OF yACTORS 

This is related to physiography, surface geology, and vegeiation. 

a) Physiography. — In streams, current and oxygen content are 
determined very largely by physiographic conditions. Current is a 
function of volume of water and slope of stream bed. Oxygen content 
is largely determined by the rate of flow, and therefore is influenced by 
physiography. In lakes, oxygen content is determined by the depth, 
the temperature, and winds — physiographic factors are again important. 
On land, moisture and light are in a measure controlled by physiographic 
features. Slope and direction of facing profoundly affect vegetation, 
mobture, and light. 

b) Surface materials and vegetation. — Materials for abode are largely 
the surface soil or rock or the vegetation. Surface soil or rock influences 
the mobture. Both moisture and surface materiab influence the kind 
and amount of vegetation. All are interdependent (350). 

Physiographic features change with time. Erosion changes the 
gradient of streams, the width of valleys, the steepness of valley walls 
and cliffs, the ground-water level, etc. The weathering of rock b a 
process familiar to all. It is the aggregate of processes by which the 
aiaise and hard or massive materials are reduced to clay and soil. This 
requires time. 

The fact that vegetation grows upon the so-called sterile, coarse, 
rough-surface materials, usually scattered or ephemeral at first, but 
increasing in denseness with each generation, b also familiar (5S). 
Plants add organic matter to the soil. This organic matter holds the 
water so that mobture increases and plants may increase. With such 
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changes it is obvious that an area of sterile soil will support more animals 
as time goes on, than at the outset, when the conditions were such that 
only a few hardy species could live. Here again, then, time is the impor- 
tant factor in determining the change of the area, so as to be suitable 
for more species (because more species are adapted to live in the result- 
ing than in the initial conditions). The length of time which has 
elapsed since a given set of surface and physiographic conditions became 
exposed to the atmosphere is very important in governing the number, 
kind, and distribution of animals in a given area. 

c) The value of physiographic form. — Physiographic features are 
classified according to their form and their mode of origin. What is the 
importance of their forms and modes of origin to the animal ecologist ? 
Has a kame or an esker or a valley train any significance so far as animals 
are concerned? So far as anyone has been able to observe, the fact 
that they possess their particular form is of no significance whatever. 
Their relations to present ground-water level, their slope, relation to the 
sun, etc., are significant. The amount of surface soU and the denseness 
of vegetation are also of very great importance, and conditions in these 
respects are usually closely correUted with the length of Ume that the 
structures have been exposed to the atmosphere. 

Since age is important, we turn at once to the history of an area in 
order to learn tie relative age of the various features present. We have 
parted conqiany with the phy^ographer and his discussion of mode of 
origin, and are interested in origins only in point of time. 

HI. History of the Region about Lake Michigan (59) 

t. PHYSIOOKAFHIC HISTOKY 

We will give the briefest possible account of the history of the Chicago 
area, following l>verett (59), Salisbury (57, 60), Alden (61), Atwood 
(6a), Goldthwait (62, 63, 64), and Lane (65). 

The most important features of our area were shaped during and 
»nce the glacial epoch. To us, the only important movement of the 
ice was that of the last Wisconsin ice sheet. This came to us m^nly 
from the east and north. It spread out over the great basins now 
occupied by the Great Lakes and thence pushed on to the higher rock to 
the south of them and reached its southernmost extent in Southern 
Illinois. 

In retiring from here (Fig. i) one of the positions in which the 
edge of the ice halted corresponded to the present Valparaiso Moraine. 
The crest of this moraine extends from the Fox Lake region (see map) 
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Fig. i. — Shohiag the region of the Great Lakes when the Wiacotuin ice sheet 
was retieatiiig from its m«Titniim extent (after Atwood and Goldthwait). 

Fig. 1. — A part of the same area, showing the drainage of the ice sheet by the 
Kaokalcee and Huron riven tluough Dowagiac Lalce (from Lane after Leverett). 

Fic. 3.^howing a later stage of the retieat of the ice sheet— the Glenwood 
stage (from Lane after Leverett). 

Fig. 4. — A later stage of the same — the Calumet stage of Lake Chicago (from 
Goldthwait after Leverett and Taylor). 

Fig. 5.— a still later stage— probably the Tollestoo stage (from Lane after 
Leverett). 

Fig. t.—k poat-ToUestoa stage (from Goldthwait and Atwood after Leverett 
and Taylor). 
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southward around the head of Lake Michigan, nearly parallel with the 
shore, then northward into Michigan, there turning somewhat more to 
theeast (Fig. 2). Beyondtbeedgeof the ice, early lines of drainage were 
established and temporary lakes came into existence. All of our south- 
ward flowing rivers bore the sediment-laden waters from the melting ice. 
The results of this may be seen in the gravel and sand outwash, valley 
trains, etc., along the DuPage and other rivers, the more sandy portion 
usually being farthest downstream. 

In Southwestern Michigan, these early lines of drainage were by 
the St. Joseph and the Dowagiac valleys. In the latter a small lake is 
believed to have existed (Fig. 2). These waters did not flow into the 
south end of the lake, as at present, but united and flowed down the 
present course of the Kankakee River. The Kankakee marsh area and 
the region at the mouth of the Kankakee (Morris Basin) are believed 
to have been occupied by a lake. These basins are surrounded by sand 
areas which are probably the oldest in our area of study. Dunes are 
said to be present to the south and east of "Lake Kankakee," a few being 
present on the moraine in the extreme southeast comer of our map 
(frontispiece). 

The next stage was marked by the retirement of the ice from the 
position of the Valparaiso Moraine to the present basin of Lake Michigan. 
The drainage of glacial waters down the Fox, DuPage, and Upper 
DesPlaines rivers stopped (Fig. 3). The lakes to the south and east 
probably began to disappear. Later, the St. Joseph and Dowagiac 
changed their lower courses and flowed directly into Lake Michigan, 
which found an outlet by way of the lower DesPlaines. 

Now begins the history treated in the first bulletin of the Geographic 
Society (60), and Bulletin 7 of the Illinois Geological Survey and else- 
where (61, 6a, 6$, 64). The predecessor of Lake Michigan stood at a level 
55 to 60 feet above the present lake. The stage is known as the Glen- 
wood stage of Lake Chicago. Cliffs were cut, beaches of sand and gravel 
were deposited, and dunes were formed. These are our second oldest 
sand and gravel areas. Their position is shown on the map (facing p. 53). 

The water then feU to a level of 35-40 feet above the present lake. 
This is known as the Calumet stage (Fig. 4). Here again cliffs and 
beaches of sand and gravel were formed, and constitute our third in 
point of age. These beaches have not been mdicated on the map 
because their distribution within the state of Michigan has not been 
studied by physiographers. In the vicinity of Waukegan they are very 
close to the Glenwood beach. 
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The lake again receded, probably to a low level, and readvanced to 
a 2o-foot level known as the Tolleston stage (Fig. 5). Here the develop- 
ment of beaches continued and the cutting of new cliffs was inaugurated. 
From these beaches, dunes were developed which are fourth in point 
of age. The position of these beaches is not indicated on the map. 
The lake is believed to have fallen after this to a level of 60 feet below 
the present level of Lake Michigan (60-62), which is known as the Cham- 
plain stage. At this time the sea came up the Gulf of St. Lawrence as 
far as Lake Ontario. Since the cliffs and beaches of this stage were 
again submerged, they are no doubt of some importance to the aquatic 
life in Lake Michigan, because they affected slope and bottom locally. 
The water rose again to a level i a to 15 feet above the present lake, 
knowA as the Algonquin or post-ToUeston stage (Fig. 6), which was 
followed bya retreat to the present level. 

2. THE FOKUER CUHATE AND ANIICALS (66) 

During the ice age, the entire region about Chicago was overridden 
by the ice, and plants and animals migrated southward. There are at 
present a few animal species which inhabit glaciers and ice fields, and 
probably such were the only regular inhabitants at that time. The 
tundra and coniferous forest were crowded to the southward, and with 
them the caribou, musk ox, and other northern animals. As the ice 
retreated north of the southern end of the basin of Lake Michigan and 
the Lake Chicago stage was inaugurated, a tundra climate no doubt 
prevailed in the Valparaiso Moraine. It was probably the breeding- 
place of the present tundra species of birds; the home of the musk ox, 
the caribou, the snow grouse, and other northern animals. The ponds 
grew aquatic plants and probably supported hordes of mosquitoes (3) 
and other aquatic insects in summer. Early Lake Chicago is said to 
show no evidence of life. If we may judge from Arctic lakes at present, 
it had a summer faima, especially of small crustaceans and probably 
some fishes. 

As the ice retreated still farther northward, the coniferous forest 
displaced the tundra, and the musk ox and caribou were presumably 
only winter visitors; the woodland caribou and the moose were probably 
regular residents. Conditions in the lake were similar to those of the 
preceding stage. By this time a relatively rich flora and fauna probably 
existed. Organic material accumulated in the soil, shade was produced, 
etc. With the further retreat of the ice, the coniferous forest continued 
for a long time, but the plants and animals became gradually more and 
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more like those of the southern portion of the coniferous forest (67), 
and gradually gave way through processes of ecological succession to 
the species of the present day. Jiist preceding our period, the mastodon 
roamed over the site of Chicago. The skeleton of one of these was 
found in a marsh near Crown Point, Ind., another at Cary, 111. 

IV. Extent and Topography of the Area Consideked' 

The area which we shall consider has its center at a point 18 miles 
east of Lincoln Park. It extends 67 miles (loS . i kilometers) to the east 
and to the west and 40 miles (64.4 kilometers) to the north and 40 miles 
to the south from this point. Measured from the mouth of the Chicago 
River it extends 85 miles (137 kilometers) eastward, 49 miles (79 kilo- 
meters) westward, 38 miles (61 kilometers) southward, and 43 miles 
(68 kilometers) northward. It is 80 by 134 miles (128.8 by 216 kilo- 
meters) and contains over 10,700 sq. miles (27,810 sq. kilometers). 

The range of altitude in the Chicago area is not great. The lowest 
[>art of the bottom of the lake included in our map is about 80 feet above 
sea-level. The highest point on the Valparaiso Moraine is 900 feet 
above sea-level, which gives a range of altitude of 820 feet. The surface 
of the lake b 5S1 feet above sea-Ievel. The plam of Lake Chicago is 

' See frontisiMece nuip. Hie term "Chicago Area" has been applied to regiou 
varying in extent and direction, according to the points of view and interests of 
various autbois. Chicago biologists have aa yet wiittea but little concerning the 
ecology of areas to the e&st of Millers, Ind. It becomes necessary to go farther from 
Clucago every year. The areas in Michigan and Northern Indiana offer the only 
substitute for those nearer to Chicago which are being so rapidly destroyed. 

The following maps covering the area have been published: 
I. Lake Michigan 

a) U.S. Hydrographic Office, Maps Nos. 1467-75. 

h) U.S. Lake Survey Maps, Custom House Bldg., Detroit, Mich. 

a) County surveyors often publish maps covering particular counties, e.g., 
LaPorte Co., Ind. 

b) Ulinois Internal Improvement Committee, The Wottr-Way Report, Springfield, 
1909. 

c) Topographic sheets of the U.S. Geological Survey (prepared for much of the 
r^on covered by our map). 

d) The U.S. Land Office has maps of the original land surveys which are said to 
give roughly the distribution of prairies, forests, and marshes. 

t) Rand McNally & Co. publish maps of all local counties. 

/) Brown & Windes' (Chicago) map of the Fox Lake Region. 

g) Davis, "Peat" (map of marshes), Ana. Rtpt. Mich. Geol. Sun., 1906. 
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chiefly betweea 581 and 600 feet, and presents very little relief. The 
lowest point of land on our map b in the valley of the Illinois Rivei 
below the entrance of the Kankakee. This is 480 feet above tide, or 
loi feet below the level of Lake Michigan. In passing from the lowest 
point in the lake shown on our map to the vicinity of Lake Zurich, which 
is the location of one of the high points on the moraine, one would 
travel 64 miles and make an ascent of only 12 feet per mile on the 
average. Indeed, if Lake Michigan were to become dry and its bottom 
a prairie, it would appear an undulating plain. 



V. Climate and Vegetation of the Area 

I. ItETEOROLOGICAL CONDITIONS AfTECTING ANUALS (68) 

The table (I) illustrates the fact that there are some notable differ- 
ences between the different parts of our area. Extreme points would 
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show greater differences. The evaporating power of the air is probably 
one of the best indices of conditions which affect anlmab. The ratio of 
rainfall to evaporation is the only expression of the evaporating power 
of the air which has been mapped. Fig. 7 shows this phenomenon in 
Central North America, with our area indicated. 

2. VEGETATION (69, 70) 

Those features of the vegetation which are called climatic must be 
discussed first. The two main climatic divisions of vegetation represented 
in the Chicago area are savanna including the prairie vegetation, and 
deciduous forest. The prairie, or savanna, as distinguished from steppe, 
is a strip of country (the forest-border area) a few hundred miles wide, 
from Athabaska to Texas, where trees, chiefly oak, hickory, basswood, 
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and elm, occur in groves and along streams. It has the general form of a 
bow, with its central and most eastern point at Chicago (Fig. S). To the 
east of Valparaiso, Ind., the forest is chiefly beech and maple (see 
frontispiece). The types are believed to stand in close relation to 
climate, especially to ratio of rainfall to evaporation (Fig. 7).' 

The vegetation of local conditions, as indicated on p. 43, is different 
from that of the region as a whole and we are concerned in part with 



Fig, 7. — Map showing ratio of rainfall to evaporation In percentages, with area 
of special study inclosed in rectangle (after Transeau). Compare with Sargent's 
map of the "Forests of North America" (loth Census Report and, Fig, 8 below). 

the relations of the animal communities of local conditions to animal 
communities of the climatic vegetation. 

VI. LocAUTiES OF Study 

In beginning the investigation of any biological subject from the 
point of view of general principles, the most important step is the selec- 
tion of the material (animals to be studied). In ecological work we 

' A glance at the niap shows us that our area of study is in the center of the 
Forest-Border Region, 
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have not only this, but we must make a still more important choice, 
namely, that of the locality of study. To make this selection one must 
possess a good knowledge of animal environments, such as we have 
touched upon in the preceding pages. 

I. BASIS OF SELECTION AND SUBDIVISION 

Such knowledge can be acquired from texts of physiography and 
plant ecology, and from special works on the area at hand. The basis 



Fig. 8. — Map showing the location of the plains, savanna (prairie), and forest 
let^ont o( North America, with area of special study indoaed in rectangle ([rora 
Tranaeau after Sargent). 

of selection is either that of age or of present conditions, or both. The 
points selected for study are called stations. SlaHons are subdivided 
on the basis of plant and animal habitats into substations. The sub- 
stations may represent either formations or divisions of formations. 
For example, a station like Wolf Lake may be divided into sandy 
shore substation, vegetation of open-water substation, and embayment 
substation. 

2. ENUUERATION OF STATIONS — GUIDE 

In the study at hand we have made use of a large number of stations 
which are enumerated below and are referred to in the text. The list 
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of Stations and accompanying remarks with the Guide Map may serve 
as a guide to the region about Chicago for field students. 



List of Stations with Direction and Distance by Rail frou the 

MOOTH OF THE CmCAGO RiVXR, AND TKANSPORTATIOK 

A. Aqualic Communities 
I. Large Lake Communities (chap. v). 

Station i. The open water, piers at Jackson Paric, 6 miles south. 
StaUon la. Hie eroding shore, Jackson Park, introduced rocks. 
SUtion 1. The eiodmg shore, Glencoe, 111., C. & N.W. R.R., so miles 

north. 
Station 3. The depositing shore, Buffington, Ind., L.S. & M.S. R.R., 
and P. R.R., 33 miles southeast. Pine, L.S. & M.S. R.R., 
34 miles southeast. Boats and launch from fishermen. 
[I. Stream Communities (chap. vi). 

Sutbn 4. Youngest ravines, Glencoe, 111., C. & K.W. R.R., 30 miles 
north. 
Youngest brooks, Glencoe, 111., C. & N.W. R.R., 30 miles 

County Line Creek, Glencoe, III., 31 miles north. 

Pettibone Creek, North Chicago, lU., C. & N.W. R.R., 

34 miles north. 

Bull Creek, Beach, lU., C. & N.W. R.R., 41 miles north. 

Dead River, Beach, 111., 41 miles north. 

Spring-fed streams and springs, Cary, III., C. & N.W. R.R., 

40 miles northwest. 

Spring-fed streams and springs, Suman, Ind., B. & 0. R.R., 

52 miles southeast. 

Rock ravine stream, the Sag, Joliet Electric, 33 miles 

southwest. 
Station 13. Intermittent headwaters, Butterfield Creek, Matteson, III., 

I.C. R.R., 38 miles south. 
Station 14. Small swift permanent stream, Butterfield Creek, Floss- 
moor, I.e. R.R., 34 miles south. 
Station 15. Larger swift stream and effect of rock outcrop, Thornton, 

III., C. &. E.L R.R., 33 miles south. 
Station 16. Permanent headwaters and pre-erosion stream. Hickory 

Creek, Alpine to Marley, Wabash R.R,, 38 to 31 miles 

southwest. 

Permanent swift stream. Hickory Creek, Marley to New 

Lenox, Marley (Wabash R.R. only). New Lenox, C.R.I. 

& P. R.R. or Wabash R.R., 3 1 to 34 miles southwest. 



Statnn 

Station 1 
Station 

Station 1 
Station 1 
Station 10. 

Station I 

Station 1 



Station 1 
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Station iS. Sluggish small stream. North Branch (rf the Chicago River, 
Schermenrille, CM. & St.P. R.R., 3t miles northwest. 

Station 19. Moderately swift, medium-sized stream, North Branch of 
the Chicago River, Edgebrook, CM. & St.P. R.R., ij 
miles northwest. 

SUtion 30. Fine gravel bottom, DuPage River, Winfield, C. & N.W. 
R.R., 38 miles west. 

Station 31. Gravel bottom, DesPlaines River, Wheeling, 111., W.C.R.R., 
33 miles northwest. 

Station 22. Sandy bottomed streams, headwaters of the Calumet, Otis, 
Ind., L.S. & M.S. R.R., 50 miles southeast. 

Station 33. Larger sandy stream. Little Calumet, Chesterton, Ind., 
L.S. & M.S. R.R., 43 miles southeast. 

Station 2311. Deep river, E. Gary, Ind., M.C. R.R., 36 miles southeast. 

Station 24. Sm^ and intennittent sandy streams. South Haven, Mich. 
(4 miles south), steamer. So miles northeast. 

Station 35. Small sandy stream, Deep River at Ainaworth, Ind., 
G.T. R.R., 46 miles southeast. 

Station a6. Medium sandy stream, Black River, South Haven, Mich., 
steamer, 80 miles northeast. 

Station 37. Large drowned sandy stream with marsh border. Deep 
River, Liverpool, Ind., P. R.R., 31 miles southeast; boats 
at saloon. 

Station 38. Sandy large drowned stream, Grand Calumet, Clark, Ind., 
P. R.R. (destroyed by industrial waste), 35 miles south- 
east. 

Station 39. Sluggish stream of the base-level type. Fox River, Cary, 
111.; boats near railroad bridge, C & N.W. R.R., 40 miles 
northwest. 

Small Lake Communities (chap. vii). 

Station 30. Wolf Lake (a) Roby, Ind., L.S. & M.S. R.R., P. R. R., 
electric railway from 63d St., and Sheffield boatbouse, 15 
miles southeast; (6) Hcgewisch, L.S. & M.S. R.R., P. R.R., 
or South Shore Electric R.R., boats from Delaware House 
(not practicable at low water). 

Station 30<i. Small lake. Lake George, Ind. Electric railway from Ham- 
mond or to Hammond from 63d St., or from Robertsdale, 
L.S. & M.S. R.R., P. R.R., 18 mites southeast; boats near 
south end of lake. For information regarding Indiana 
lakes, boats, etc., see Report of the Indiana Fish and Game 
Commission for 1907. 

Station 31. Fox and Pistakee lakes. Fox Lake, 111., CM. & St.P. R.R., 
50 miles northwest ; boats at all hoteb. 
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IV. Pond Cotmnunities (chap. viii). 

Station 33. Young ponds, Pond i, Buffington, Ind., L.S. & M.S. R.R. 

or P. R.R., 33 miles soutlieast (i miles east from station). 
Station 33. Middle-aged pond, Pond 5, Fine, Ind., L.S. & M.S. R.R., 

34 miles southeast (pond at rear of station). 
Station 34. Middle-aged pond. Pond 7, Pine, Ind., L.S. & M.S. R.R., 

34 miles southeast (pond to the right in front of station). 
Station 35. Mature pond. Pond 14, Clark Junction, Ind., P. R.R., 

33 miles southeast (the fourth pond south of bridge ovei 
P. R.R. tracks). 

Station 36. Late mature pond, Pond 30, Clark, Ind., P. R.R., 35 miles 

southeast (pond parallel with main street and east of school) 
Station 37. Senescent pond. Pond 53, Cavanaugh, Ind., South Shore 

Electric R.R., 37 miles southeast. 
Station 38. Prairie ponds, Roby, Ind., 26 miles southeast, east side of 

Wolf Lake, between second and third icehouses. 
Station 39. Morainic pond or small lake, Butler's Lake, Libertyville, 111., 

CM. & St.P. R.R., 36 miles northwest. 

B. Temporary Pond and Swamp Communities. 

AQUATIC PHASES (CBAFS. Vin AND X) 

. Station 40. Young artificial temporary ponds. Pine, Ind., L.S. & M.S. 

R.R., 34 miles southeast (ponds i mile northwest of station). 

Station 41. Middle-aged temporary ponds, Pine, Ind., L.S. & M.S. R.R., 

34 miles southeast (ponds i mile northeast of station). 
Station 43. Prairie temporary ponds, south of Jackson Park, I.C. R.R., 

South Chicago Branch to Bryn Mawr, 10 miles south. 
Station 43. Prairie temporary ponds, 8ist St. and Stony Island Ave., 

electric railway from 63d St. and Jackson Park Ave., south. 
Station 44. Temporary pond of prairie type, but being captured by 

shrubs, Pond 90 or 93, Ivanhoe Station, L.S. & M.S. R.R., 

to Gibson, Ind., and G. & I. R.R. to Ivanhoe (r mile 

south of Ivanhoe), 36 miles southeast. 

C. Marsh, Forest Margin, and Prairie Communities 
Station 45- Low forest margin (see Station 30). 
Station 46. Intermediate forest margin, Beverly Hills, C.R.I. & P. R.R., 

r3 miles southwest. 
Station 47. High prairie, Chicago Lawn, 63d St. electric railway, 

II miles southwest. 
Station 48. High prairie (some low prairie). Riverside, 111., C.B. & Q. 

R.R. or LaGrange electric railway, 11 miles west. 
Station 49. Temporary forest pond of early stage. Pond 93, near 

Station 44. 



,y Google 



LOCAUTIES STUDIED 



55 



Station 50. Strictly temporaiy forest pond, Pond 93, near Station 44. 

Station 51. Spring-fed marsh, Gary, HI., C. & N.W. R.R., 40 miles 
northwest. 

Station 53. Swamp forest, elm, and ash. Wolf Lake, Roby, Ind., south- 
east (same as Station 30). 

Station 53. Swan^ forest, wood west of Dempster St., Evenston, 111., 
C. & N.W. R.R., elevated, or surface cars, 12 miles north. 

Station 54. Tamarack swamp, Mineral Springs, Ind., South Shore 
Electric R.R, 46 miles southeast. (For other tamarack 
swamps, see map.) 

Station 54a. Tamarack swamp, Pistakee, El., 4 miles south of Fox Lake 
(see Station 31). 



D. Dry Forest Communitus 

I. EAKLY STAGES (CHAP. Xn) 

Station 55. On rock, Stony Island, L.S. & M.S. R.R., 12 miles south 
on suburban loop. Also Pullman electric car from 63d St. 
and Jackson Park Ave. 

n. OH CLAY (chap, xn) 

BluS at Glenoie, 111., C. & N.W. R.R., 30 miles north. 

On sand, moving dunes. Mineral Springs, Ind. (near Lake 

Mich, and Station 54). 
Station 58. Lower beach, cottonwood and pine. Pine, Ind. (near 

Station 40). 
Station 59. Pine and oak, Miller, Ind., near bridge over the Calumet, 

L.S. & M.S. R.R., 31 miles southeast. 

Black oak (same as Station 59 but near village), 

Clark, Ind., near Station sS. 

Cavanaugh, Ind., near Station 37. 

Black oak, white oak, red oak, near Station 44. 



Station 56. 
Station 57. 



Station 60. 
Station 61. 
Station 63. 
Station 63. 



E. Moist Forest Ccmmimitia 

(CBAPS. XI AMD xn) 

Station 64. White oak, red oak, hickory, upland forest, near Station 56. 
Station 65. Forest on Blue IsUnd, Beverly Hills, C.R.I. & P. R.R., 

13 miles southwest. 
Station 66. Youngest flood-plain forest. New Lenox, HI., C.R.I. & P. 

R.R., also Wabash R.R., 35 miles southwest. 
Station 67. Eariy flood-[dain forest, near Station 15. 
Station 67a. (Near station 71a). 
Station 68. Mature flood-plain forest, near Station 48. 
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Station 69. Elm, basswood, oak, hickory forest, Gaugars (near New 

Lenox), 37 miles southwest, Joliet So. Electric R.R. from 

Joliet or New Lenox. 
Station 70. Oak, hickory, beech, maple, Suman, Ind., near Station it. 
Station 71. Beech and maple, Otis, Ind., L.S. & M.S. R.R., 50 iniles 

southeast. 
SUtion 71a. Beech and maple. Sawyer, Mich., P.M. R.R., 73 miles 

east (4 miles southwest). 
Station 71b. Beech, maple, and hemlock. Sawyer, Mich., P.M. R.R., 
73 miles east (i) miles northwest). 



F. Secondary C 
Station 73. Roadsides, Flossmoor, III., near Station 14. 
Station 73. South Haven, Mich, (see Station 34). 
Station 74. Stream rontamination, Riverdale, 111., I.C. R.R., 17 miles 

sou til. 
Station 75. Pasturing of forests, Beatrice, Ind.,' C.C. & L. R.R., 45 

miles southeast. 
Station 76. Tlie growth of a modem dty, Gary, Ind.; many lines of 

transportation; 37 miles southeast. 

VII. Legal Aspects of Field-Study 

The student must recognize that legally, when he leaves the public 
highway, he usually becomes a trespasser, even though he walks in a 
stream bed or along a lake margin. Public property is scarce. Still, 
since the cost of prosecution is far greater than the remuneration secured 
by it in the way of damages, etc., even the most unreasonable owners 
are not inclined to insbt upon the enforcement of the laws concerning 
trespassing. It should be borne In mind, however, that owners or 
tenants are entitled to respect, and that as a usual thing they will not 
object to the student's working on their property if they be treated with 
courtesy. Damaging gates, fences, etc., should be carefully avoided, 
and gates should be left as they are found. 

Small wild animals such as insects, snails, etc., are not property, 
in the eyes of the law, and an owner would probably not be able to pre- 
vent their removal from his land except by trespass procedure. Many 
of the larger animals are considered as public property and are therefore 
protected by law. In most states nearly all birds are protected by law. 
It is usually legal to kill certain game birds in season, and certain con- 
demned birds at all times. Game mammals are protected in accordance 
with a similar plan. It is usuaUy necessary that a license to shoot be 
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obtained before shooting of any sort be carried on. This would apply 
even to the shooting of snakes, lizards, and such animals, as well as 
game. 

Fishes, turtles, and fresh-water mussels are protected in lUinots, 
as are fishes in nearly all states. The use of seines and nets of all sorts, 
including band dip-nets, dynamite, and all other devices for securing 
fishes, is usually forbidden. The hook and line is the only exception 
in some states. Forbidden equipment is nearly always confiscatable, 
and the fines for illegal fishing are usually very heavy. 

In some states it is possible to obtain licenses or permits to take 
birds, birds' eggs, and sometimes fishes for scientific purposes. For 
specific information one should consult the state fish and game warden. 
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CHAPTER IV 

CONDITIONS OF EXISTENCE OF AQUATIC ANIMALS 
I. Iwtkoddction: Coicpaxison of Land and Aquatic Aniuals 
The conditions of existence of aquatic plants and animals are very 
different from those of land plants and animals. Some of the most 
important differences are as follows: 

a) Water, the surromiding medium, is about 768 times as heavy 
as atmospheric air at the sea-level. 

b) The necessary gases are in solution in the water and their diffusion 
is much less rapid than in the atmosphere. 

c) The necessary inorganic salts are in solution in the surrounding 
medium. 

d) The necessary organic food substances for plants and some of the 
carbon compounds necessary for animals are in solution in the water and 
are taken directly by the plants and animals (47). 

e) Vegetation rooted to the bottom is important in most bodies of 
water. In large lakes like Lake Michigan, however, there are very few 
attached or rooted plants, and therefore nothing comparable to the 
vegetation of the land, or to the plant-eating animals which live on it, 
is to be found. Most of the plants float freely in the water. Such 
plants are present also, however, where rooted vegetation occurs. 

11. Cheuical Conditions 
i. dissolved content of water 

In order to su[^rt animals and plants, water must contain certain 
minerals and gases in solution (71). Salts (carbonates, sulphates, and 
chlorides) of magnesium, calcium, and sodium and salts of potassium, 
iron, and silicon are practically always present in solution in water, and 
their presence in definite proportions is essential to the life of the animals 
(73). Water without these has been shown to kiU fish (71). Dissolved 
gases in definite proportions are also necessary. 

Gases. — ^The chief facts regarding the occurrence of gases in nature 
and their solubility under experimental conditions are shown in Table U. 
The standard method of expressing quantity of gas in solution is in cubic 
centimeters per liter at 0° C. and 760 mm. of mercury {73). All values 
are therefore given in these terms. 
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TABLE n 
Sbowinc the DiSTBiBunoH ami> Solubiuty or Atuosphbkic Gases 







Gai Vaiuu m CnaK Cunninaw mi Lrru 
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•"&*»"■ 


"•£.*£;'" 
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Column 


Nitrogen, 
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Oxygen 

Carbon 
dinide. . . . 

Methane..... 


79. o» 
JO-95 

0.03 
SmaU traces 

locaUy 
SmaU tnces 

locaUy 


iJ.Sace. 
6.18 C.C. 

0.37 C.C. 


iS.oocc. 
3S.38C.C. 

^I.OOCC. 

quanUties 
34.00 e.c. 


ig.ooc.c. 
14.00 c.c. 

30.00 C.C. 
14.00 c.c. 


Lakes (74, 
P- IS») 

SlreaiM, 
lakes, win- 
ter, with 
ween 
algae 

Ponds 

Sewage con- 
taminated 

Bottom of 
lake in 

C74,P-»oi) 



Nitrogen has little effect upon animals except when present in excess. 
Under these conditions in the laboratory, bubbles of the gas accumulate 
in the tissues and blood-vessels of fishes and cause death. It is not 
certain that such conditions exist in natiu'e (Fig. 9). 

Ox^en is usually necessary to the life of aninmls. Most animals 
that have been studied select water with a rather high oxygen content 
instead of water with little or no oxygen. The resistance of animals to 
lack of oxygen varies in different groups. It has been found that water 
with about 6 c.c. of oxygen and 14 c.c. of nitrogen per liter is suitable 
for brook trout. Mackinaw trout have been taken in water containing 
but I C.C. of oxygen per liter (6). 

In general, carbon dioxide is a narcotic in its action upon animals. 
In small quantities it is a stimulant, especially to respiratory action. 
In large quantities it produces anesthesia and death. Several workers 
have shown that carbon dioxide is very toxic to fishes. Most aquatic 
animals that have been studied turn back when they encounter water 
containing large amounts of the gas. This turning away from carbcm 
dioxide is much more decided than it is in the case of corresponding 
differences (34 c.c. per liter) in oxygen content. Fishes, for example, 
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turn away when they encounter as small an increase as s c.c. per liter 
of carbon dioxide. Since a large amount of dissolved carbon dioxide 
is commonly accompanied by a low oxygen content as well as other 
important factors, the carbon dioxide content of water (strongly alkaline 
waters excepted) is probably the best single index of the suitability of 
the water for fishes. 

Fishes do not turn away from ammonia. Ammonia is rarely present 
in any great amount in nature. The effect of dissolved methane is 
unknown. Oxygen and nitrogen go into solu- 
tion from the atmosphere and oxygen is also 
produced by green plants. The other gases 
are produced chiefly by organisms as excretory 
and decomposition products. 

III. Physical Conditions 

I. CIHCUIATION 

The distribution of dissolved salts and 
gases is dependent upon the circulation of the 
water, as their diffusion is too slow to keep 
them evenly distributed. The circulation of 
water in streams is probably such as to keep 
all dissolved gases and salts about equally 
distributed. The water of streams has been 
found to be supersaturated with oxygen (74). 
Oxygen b taken up by the water near the 
suriace. Nitrogen and carbon dioxide are 
produced especially near the bottom, and if 
the water did not circuUte they would be too 
abundant in some places and deficient in 
others for animals to live. 

In lakes, during strong winds (74), there is 
a piling-up of water on the leeward side and a 
I the windward side. This is usually com- 
pensated for by a downward flow of the waters along the bottom, 
as shown in Fig. 10. Small lakes with little exposure to the wind 
and with considerable depth frequently develop a summer circulation, 
such as is shown in Fig. 11. Such lakes are without oxygen in the 
deeper water in summer (74), and will not support the fishes which are 
known to inhabit the deeper water of Lake Michigan; hence we con- 
clude that Lake Michigan must have a deep circulation at all times. 



Fig. g. — A marine fish 
a£Fected with gas-bubble 
disease causing protrusion 
of the eyes, due to excess 
of diisalvecl nitrogen in 
aquarium w&ter (after Gor- 

lowering of the level < 
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We have been able to find no record of the amount of lowering of 
the waters of Lake Michigan at a given point, by the wind, nor any 
discussion of the relations of the surface currents to the effects of winds 
and the vertical circulation. The waves of large lakes rise to consider- 
able heights, as is familiar to all. They are of much importance in 
keeping a large amount of gas in solution in the lake waters. 

The current in streams differs from that in lakes in that it is for' the 
most part in one definite direction, while the lake currents often alternate. 
There are backward flows and eddies at various points in streams, in 
front of and behind every object encountered in the current (57, p. 124), 
On the basis of the current, streams are classified as intermittent, swift. 




Fig. 10. — Showing tbe drcuUtion of the water in a. lake of equal temperature. 
W represents the direction of the wind (after Bilge). 

Fio. II. — The circulation of the waters of a lake of unequal temperature (after 
Birge). 

moderately swift, sluggish, and stagnant or ponded. The current 
within the same stream differs at different times, and in different places. 
As we pass across a stream we find the current swiftest near the surface 
in tlie middle, and least swift at the bottom near the sides. 

3. TEUFEKATORE 

Temperature has always been regarded as of great importance in 
the direct control of the distribution of life in water. The tendency of 
modem investigation is to show that its influence is of great indirect 
importance, and the belief in its direct importance is correspondingly 
weakened. 

The temperature in a stream is probably about the same at the 
various points in any cross-section. The extent to which daily, seasonal, 
and weather fluctuations in atmospheric temperature affect a lake is 
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determined by the depth. Small lakes with incomplete drculation in 
summer are cold at the bottom, being heated at the surface only (Fig, 1 1) . 
Lake Michigan is a deep lake and none of these fluctuations is felt 
throughout (see Table III below and Table IX, p. 74). Id summer the 
water of the surface is warmed, but if the vertical circulation is what 
we suppose it to be, all the heat in the waters flowing downward at the 
leeWard side (Fig. 10) must be absorbed above no meters. Table UI 
shows the tenq>eratures recorded by Ward (75); these were evidently 
taken at the bottom and do not therefore represent the temperatures 
at the same level in the open water, eq>ecially those records made in 
the shallower situations where the sun's rays can reach the bottom 
essentially undiminished in intensity. 

TABLE m 

TZKPEKATUKS OF LAKE HiCBIGAM 



Dite 


"s- 


Sky 


^ST 


Tonpm. 


'SL" 


Depth 


Aug. 16 
AuK.iS 
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16. 7' C 
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17. a" c. 
I7.S'C. 
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Aug. 16 
Aug.:iS 
Aug. 16 
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Aug. 16 
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3:15 
i!:os 
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1:50 
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H^ 
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tend 
clouds 


ie.7°c 

aoo'C 
iS.6"C 

16. /C 
18.9* C 


18.3" c. 

•9-4' C 

i8.3'C. 
18.9° C 
18.3° c 
18.? c 




44.9! F- 
41.1 F. 
JCS-F 
39.S*F 


i3tM 


105.3 
141.3 
183. S 



















3. UGHT (76) 
Light is an important factor in controlling the distribution and 
activities of animals. The depth to which light penetrates water is 
therefore of importance. Forel found that in Lake Geneva, Switzer- 
land, during the period when the water was clearest, light diminished 
gradually from 35 to 65 meters, and then decreased rapidly to 115 meters 
where there was not sufficient light to affect the photographic plate. 
No doubt future investigation with more accurate means of measuring 
light will show that very faint light penetrates much farther. The 
depth of light penetration in fresh water is usually determined by the 
amount of sediment in the water. Forel foimd that in lake Geneva 
the depth of light penetration decreased with the melting of the mountain 
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snows and the beginning of the rainy season. The drainage area of Lake 
Michigan is very small and has little relief, and the amount of sediment 
carried in is small at all times. The depth of light penetration is there- 
fore not so much influenced by these factors as in Lake Geneva. Wave- 
action is also important in stirring the bottom materials near shore. 
We would expect the light penetration in Lake Michigan to be least 
during the rainy and windy seasons, and greatest in calm, dry weather — 
late summer and autunm.' All of the surrounding physiographic con- 
ditions are factors controlling light. Table IV shows the seasonal 
(Ustribution of rainfall and light penetration in Lake Geneva, and the 
seasonal distribution of winds and rainfall at Chicago. 

TABLE IV 

Showing Depth or Light Penztsation in Lake Gbnxva and Conditions Aptect* 

IKG THE Same in Both Lake Geneva, atteh Foerl (76, Vol. II, 

p. 439), and Lake Miceican 

In the eighth column the icsults are given in seconds, in terms of the effect on the 

photographic plate, of equivalent exposures to the sun. 



Lua GunvA. SwmaUAMs U 






■Dd Light Li^t ind Depth 






latnuitT 
olLitbt 

(Much) 



January 

Februaiy.. . 
Much 

May.'.'.'.'.'.; 

jl^.'.;:::: 

August 

September.. 

October 

November. . 



4. PRESSURE (76) 
Pressure in water increases with depth. The results given by Forel 
are shown in Table V. 



■The Lake Michigan Water Conu 
January, Februaryt March, and April. 



I baa repotted greatest turbidity m 
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TABLE V {76) 



Pnwrciii 


' 


• 


. 


s 


s 


.0 


- 


Depth in meters. 


io.3»8 


10.6 


30-0 


Sr-s 


Si. 4 


103.97 


306.49 



It will be noted that there is a little more than one atmosphere 
increase in pressure for each 10 meters (33 feet) in depth because water 
is very slightly compressible. According to thb, animab in the deepest 
parts of Lake Michigan are living under a pressure of about 375 pounds 
to the square inch. 

5. BOTTOIC 

The character of materials and topography of the bottom are very 
important to animals living on the bottom, but it has its effect also on 
free swimming animals as a determining factor in the amount of sedi- 
ment. 

The kind of bottom is important because many animals are 
dependent upon solid objects for attachment and are absent from 
bottoms made up of fine materials. Others must burrow into mud 
or creep on sand and gravel. This will be discussed later in special 
cases, particularly in streams. 

Topography of the bottom in shallow water is important in lakes 
locally in affecting wave-action and currents, and through these, bottom 
vegetation and temperature. Ward (75) noted such effects but did 
not carry the work far enough to solve any of the problems involved, 
which are usually local. In lakes, bottom materials are most important 
in shallow water, because of their effect in connection with wave-action, 
the amount of sediment in suspension, and the stability of the bottom. 
The bottom materiab of lakes vary greatly locally. Taking Lake 
Michigan as an example, if we were to see the region about Chicago 
denuded of all vegetation, we would be able to appreciate the fact that 
there are bowlder deposits, gravel deposits, sand, clay, and bare rock. 
Evidently the ice sheet left the same kind of bottom materials strewn 
with the same irregularity in the bottom of the lake as on the land. 
Apparently wave-action has not affected them below 25 meters (85 feet). 
The waves of Lake Michigan are believed not to move sand below 
9 meters (30 feet). It is thought that, during the Champlain stage, the 
lake stood at a level 60 feet below its present level. Along the north 
shore there is a cliS at this level with sand deposits lying on the side 
toward the deeper water. Inside of this is an area of clay and then, next 
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to the present shore, sand and gravel again. It is seen that this lower 
level of the lake influenced both the topography and bottom material 
locally, both of which probably have an influence on the occurrence of 
certain animab. 

6. VEGETATION 

The amount and kind of rooted vegetation is very important to 
animals. Of all the aquatic situations with which we have to deal 
I^ake Michigan has fewest attached plants, and these are all algae. 
Cladophora, Chora, and filamentous algae are the most important. 
These do not appear to have been recorded below about 35 meters; 
some of them require solid bodies for attachment, and are probably most 
abundant on the rock outcrops of shallow water. 

The vegetation of the younger streams consists largely of holdfast 
algae like those along the rock shores of the lake. These are of impor- 
tance to animals. The more sluggish streams have rooted aquatic 
vegetation. 

The vegetation is used as breeding-places. Eggs are stuck into plant 
tissues by the predaceous diving beetles (Dytiscidae) and by the water 
scorpions (Ranalra). Eggs are attached to plants by the electric-light 
bugs (Bdostomidae), back-swimmers, May-flies, caddis-flies, water 
scavengers {HydrophUidae), long-homed leaf beetles (Donada), snails, 
and many fish {Umbra, and probably Abramis). Young animals are 
often dependent upon plants for shelter, to escape from enemies, etc. 
Many animals must use plants as a means of reaching the surface for 
oxygen. The most important of these are the Dytiscidae (adults and lar- 
vae), the HydrophUidae (adults and larvae), the back-swimmers, Zaiiha, 
Behstonta, Dtmacia, snails, Ranatra, and Haliplidae. Some, for example 
Zaitha and dragon-fly nymphs, lie in the vegetation and wait for their prey. 

Different kinds of vegetation have different values for animals. 
The bulrush b barren for the following reasons: (i) hardness makes it a 
bad place for eggs; (i) there are no dinging-places; (3) there is little 
shade; (4) it gives a high temperature In summer; (5) there is no great 
addition of oxygen by vegetation; (6) it does not afford a suitable place 
for securing food. Equisetum is unfavorable for similar reasons. Elodea 
is excellent; Afyriophyllum, good; water-lilies and CAara, only fair. 

IV. Elementary Food Substances {47) 
Nitrogen, in the form of'nitrates, is necessary for the growth of the 
plants of a pond, lake, or stream, and an insufficient quantity is secured 
from mineral soil. Nitrogen can be taken from the air only by nitrogen- 
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fixing bacteria, such as Asotohacttr, an aerobe, and Clostridium, an 
anaerobe. These bacteria occur on the outside of plants and animals, 
in the mud of the bottom, etc. Plants and animals provide carbon for 
the bacteria; bacteria provide the nitrites or nitrates for the plants. 

Ammonia, resulting from the decomposition of proteid of the dead 
bodies of plants and animals, is oxidized to nitrous add; nitrous acid is 
oxidized to nitric acid by the bacteria (Nitrosomonas, Witrobacter, Nitro- 
coccus). This add unites with bases to form nitrates and nitrites. 
There are accordingly two sources of nitrate and nitrite. , Working 
against these are the denitrifying bacteria (Baclertum aainopdU [Baur]) 
which reduce nitrogen compounds to free nitrogen. Their work is 
influenced by temperature. Baur placed a standard quantity of nitrate 
infected with Bacterium acUnopdte at several temperatures (47, p. 271) 
with results as follows: 

I. Temperature 35° C: DenitrificaCion began 14 hours after inocu- 
lation; in 7 to 1 1 days later the solution was nitrate-free. 

3. Temperature 15° C: Denitrification began 4 days after inoculation; 
in 17 days Uie solution was nitrate-free. 

3. Ten^>erature 4-5° C: Denitrification began 10 days after inocula- 
tion; process incomplete III days after. 

4. Temperature 0° C: Denitrification not initiated. 

The quantity of life in water has been held by some to be in propor- 
tion to the available nitrogen. The amount of plankton in the sea is 
greatest in the polar regions in summer. It has been suggested that 
the greater retarding effect of low temperature on the denitrifiers, as 
compared with the producers of nitrates, is a cause of the greater quantity 
of life in colder waters. Atmospheric nitrogen in solution is important 
in the building of nitrogen compounds by nitrogen-fixing bacteria. 
Oxygen is necessary for the life of most organisms, though a few can 
live for considerable periods in its absence. Carbon dioxide b necessary 
for starch building by chlorophyll-containing plants and animals. 
These organisms form the principal (food) basis of all other organisms. 

Complex foodstuffs, such as proteids, are necessary for most animals. 
It is only animals which contain chlorophyll in the form of algae living 
symbioticaliy in their bodies, or otherwise, that can live without taking 
in proteid from the outside. Proteids are made only when light for the 
production of starch, nitrates, and several other inorganic foods are 
present. Light b then indirectly necessary to anunals which can live 
in darkness. 

The smaller aquatic animals are commonly either alga-eaters or 
predatory. The larger aquatic animals are commonly predatory or 
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scavengers. The rooted vegetation is eaten only to a. smali extent. 
Small floating or swimming plants and animals, called plankton (Figs. 
13-18, pp. 75, 76) are the basis of the food supply of larger animals. 
We could probably remove all the larger rooted plants and substitute 
something else of the same form and texture without greatly affecting 
the conditions of life in the water, that is, so far as the life habits of the 
animals are concerned. The aquatic plants are commonly covered with 
a coating of green algae, protozoa, and other small organisms, so that 
animals such as small snails may rasp the surface of the plants and secure 
food without eating the plant tissues themselves. Plants in water are 
of particular use to animals as clinging- and nesting-places. 

V. QoANHTV (47) OF Life in Watek 

The quantity of living matter in water, so far as it is plankton or 
floating organisms, has been much studied. The quantity is usually 
expressed in one of two ways: number of organisms per liter or cubic 
meter of water, determined by counting a part of a collection; or in 
cubic centimeters per cubic meter of water. In Lake Michigan (August) 
Ward (75) found an average of 11.5 c.c. per cubic meter in water from 
the surface to 3 m.; from 2-25 m., 3.9 ex.; asm. to bottom, 0.4-1. sec. 
He found that Pine Lake (a small lake) contained relatively less plankton 
than Lake Michigan, the surface stratum of Fine Lake ointaining more 
and the deeper strata much less than the larger lake. Lake St. Clair 
contains only one-half as much plankton as Lake Michigan. Lake 
Michigan contains only about one-tenth as much plankton as some of the 
small European lakes (Dobersdorfer See). Kofoid(77) found 71.36C.C. 
per cubic meter the maximum record for the Illinois River. The 
average for the year is 2.71 c.c. per cubic meter. The largest amount 
recorded by Kofoid is 684.0 c.c. per cubic meter (Turkey Lake, Ind.) ■ 

Small streams and lakes with large inflow and outflow have but little 
plankton: Large amount of plankton is commonly associated with 
high COi content, low oxygen content, and a laige amount of carbonate 
in solution. 

The amount fluctuates from season to season. Kofoid (77) found 
the maximum for the Illinois River in April to June. The amount 
gradually decreases until December and January, when the minimum 
is reached. He also foimd evidence that the light of the moon increases 
photosynthesis and the amount of plankton. The maxbnum of Crustacea 
was found by Marsh (78) to fall in July, August, and September, differing 
in different years. The maximum in Lake Michigan probably is usually 
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in late summer or early autumn. Smaller bodies of water are similar 
in this respect. 

I. LAW COVEKNING QUANTITY (47) 

Liebig's Law of Minimum, as applied to plants, is stated as follows: 
"A plant requires a certain number of foodstuffs if it is to continue to 
live and grow, and each of these food substances must be present in a 
certain proportion. If one of them is absent, the plant will die; if one 
is present in a minimal proportion, the growth will also be minimal. 
This will be the case no matter how abundant the other foodstuffs may 
be. Thus the growth of a plant is dependent upon the amount of the 
foodstuff which is presented to it in minimal quantity" (47, p. 234). 
The amount of planliton is determined by the same law. All food sub- 
stances must be present in the correct proportions. The amount of 
plankton may be determined by one substance which b deficient In 
amount. 

3. AGE AND QUANTITY (6 and citations) 

In bodies of water with small outlet, the quantity of plant and animal 
life probably increases with the age of the water body. This is because 
the foodstuffs are washed in by the inflowing water, and because rooted 
plants absorb food from the soil in which they grow, and when they die 
and decay these foodstuffs are added to the water. Accordingly, the 
older the pond and the longer rooted vegetation has grown, the greater 
the quantity of life. This principle is illustrated by an age-series of 
ponds at the south end of Lake Michigan to be discussed in detail later. 
The numbers used indicate relative age. Ponds i, 5, 7, 14, 30, 53, 89, 
and 95 were studied, but especially i, 5, 7, and 14 (6). Tables VI-VIII 
give a summary of the results. 

TABLE VI 
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We note that on the whole the carbonates, COj, and bacteria are 
greater in quantity according to age. Oxygen is on the whole less. 

TABLE VII 
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The Entomostraca are rated on the basis of actual count of six col- 
lections. The other figures are estimates (6). 

Here we note that the number of Entomostraca was greater in the 
older ponds though some irregularities occur, dependent upon the 
amount of rainfall. In rainy seasons the increase with age appears 
almost throughout. 

As we pass from younger to older ponds we note an increase in the 
number of animals, excepting fish. These appear to decrease, probably 
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because of the increasing unsuitability of the ponds as fish breeding- 
places. The oxygen content decreases, particularly on the bottom. 
The distribution of the fish present in these ponds, and whose breeding 
habits were known, was found to be correlated with the distribution 
of the bottom upon which they breed. This becomes less and less in 
amount as the ponds grow older. 

3. EQUILIBRIUU 

Each animal prefers certain food. The food Telations of pond 
animals are shown in Diagram 3, below. For purposes of illustration 
let us suppose the existence of a community composed of the species 
named only. 




OiAGXAU 3. — Shoning food reUtious of aquatic animab. Arrows point from the 
orgaaisms eaten to those doing the eating. For explanation ace text. 

Any marked fiuctuation of conditions is sufficient to disturb the 
balance of an animal community (see chap, i, p. 18). Let us assume 
that because of some unfavorable conditions in a pond during their 
breeding period the black bass (79) decreased markedly. The pickerel, 
which devours young bass, must feed more exclusively upon insects. 
The decreased number of black bass would relieve the drain upon the 
crayfishes, which are eaten by bass, crayfishes would accordingly increase 
and prey more heavily upon the aquatic insects. This combined attack 
of pickerel and crayfishes would cause insects to decrease and the number 
of pickerel would fall away because of the decreased food supply. Mean- 
while the bullheads, which are general feeders and which devour aquatic 
insects, might feed more extensively upon moUusks because of the 
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decrease of the focmer (see chap, i, p. 15), but would probably decrease 
also because of the falling-off of their main article of diet. We may 
thus reasonably assume that the black bass would recover its numbers 
because of the decrease of pickerel and bullheads, the enemies of its 
young. A further study of the diagrams shows that a balance between 
the numbers of the various groups of the community would soon result. 




DiACKiui 4. — Showing the life histories of the animaU of the pond community 
in the fonn of circles. Tliebeavy.vertic&I.blacklinesrepcesent the animals which are 
dependent upon the most elementary food substances. A represents dead animal 
matter; B, the protozoa, rotifers, and Entomottraca, the smallest imimnl food. Tlie 
black lines come into contact with difieient numbers of life cycles, but are indirectly 
connected with all so that any change in the position or rate of movement (meaning 
number or rate of reproduction and growtb] of the rod must effect the entire com- 
mtmity; compare with Diagram 3. 

DiAGBAiC 5.— Showing the food relations in the brook community. A repre- 
sents algae which grow upon the stones. B repieaents the floating animal bodies and 
other organic matter. The latter are of small importance because of thnr small 
number and the swift current. 

Under other circumstances, such as the extinction of the black bass, the 
resultmg condition would be entirely different from the original one, 
but a balance between supply and demand would nevertheless finally 
be established. The community is said to have equiUbraied when such a 
condition is reached; that is, a new equUibrium is established which 
may or may not be like tke old. 
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The causes of fluctuations of numbers of organisms are numerous. 
Cold winters often destroy aquatic vertebrates. Large rainfall dilutef; 
the plankton in streams and carries it away. Too little sunshine causes 
a poor production of the chlorophyll-bearing organisms which are the 
food basis of all the others. High temperature favors denitrification. 
From Diagram 3 and brief discussion above it will be seen that there 
are in a pond community, dose interrelations traceable to certain groups 
which are closely dependent upon the more elementary food substances. 
A representation of these relations is given in Diagrams 4 and 5. 
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CHAPTER V 

ANIMAL COMMUNITIES OF LARGE LAKES (LAKE MICHIGAN) 

I, Conditions 

I. GENERAL (75) 

Lake Michigan lies between 4i'*-4o' and 46°-$' N. latitude. Its total 
length is about 350 miles and its greatest width is appronmately 85 miles. 
Its area is about 15,000 sq. miles. Itsgreatestdepthisnearly 275 meters 
(900 ft.) and its average depth is approximately 133 meters (400 ft.). 

Wthin the area covered by our map (frontispiece) there are about 
3,300 sq. miles. The maximum depth is about 153 meters (500 ft.). 
It has been estimated that the lake contains 363,500,000,000,000 cubic 
feet of water. It becomes obvious at once that the lake constitutes one 
of the most uniform and extensive environments with which we have to 
deal. 

3. CIRCULATION 

The level of the lake fluctuates from season to season vnth the 
amount of rainfall, but we have been unable to find a statement as to the 
amount of such fluctuation. Changes in atmospheric pressure over part 
of the lake cause various fluctuations in level, called seiches. In Lake 
Michigan there is a definite circulation of the surface waters. Here the 
current moves southward alon^ the west shore (57), around the head of 
the lake, and northward along the east shore. The rate of flow is 4 to 90 
miles per day. 

II. COUIIUNITIES OF THE LaKE' (8o, 8i, 82, 83, 84) 

One of the recognizable animal communities of Lake Michigan is 
made up of the animals which live freely in the water, either swimming 
or floating. This community is called .the Pelagic or Limnetic com- 
munity. Other communities are governed directly or indirectly by depth 

■ The only published account of the invertebrate fauna of the Great Lakes is 
that of Lake Superior. From this account and from incidental scattered notes found 
in various pubUcations dted we have been able to bring together enough data to give 
an idea of the conditions and life which we may expect future investigations to show. 
The attempts to study Lake Michigan have been ill-fated. In 1871, the Chicago 
Academy of Sciences and the United States Fish Commission co-tqierated in an 
attempt to study the fauna of the lake. The work on the vertebrates was published 
73 
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and bottom. Accordingly the conditions on the bottom at various 
depths are roughly shown in Table IX. 
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I. THE LnnrETic coumnnry 
(Station I ; List I) 
Chicago is famous for its good water supply. However, if one fastens 
a small sack of miller's bolting-cloth under an open water tap for an 
hour in summer and eiiamines the contents of the sack with the naked 
eye and then with the microscope, he will be of the opinion that he has 
not been straining drinking water but stagnant ditch water. He finds 
small microscopic plants in great numbers (75)', as well as large numbers 
of small animals, most of the larger ones dead. Every person drinking 
water from a lake or river drinks the small plants and animals. If 
every one of the 3,000,000 persons in Chicago drank a quart of imfiltered 

by the United States Fish Commission, and Doctor Stimpson of the Academy pub- 
lished a brief note on the invertebrate fonns found in the lake, but oever gave more 
than a liint a( the work, as the collections were all burned with the Academy's build- 
ing. Subsequently, collections were made by the State Laboratory of Natural His- 
tory, and later by the Fish Commisdoners of Michigan. In the summer of 190a, the 
University of Chicago and the Academy of Sciences made a single-day 
but no report was ever published. 
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city water in a day in August, all together they would be. consuming 
about lo quarts of solid plant and animal substance — enough to make 
a meal for about forty people. 

One does not think of the lake as an area of luxuriant vegetation, 
teeming with animal life, but rather as a barren waste of water. How- 
ever, if one's vision for small objects were only better, he would see as 
he passes over the water in a boat, thousands of small animals and plants 
such as are shown in Figs. 12-18 together with about fifty other forms of 
protozoa, wheel animal- , 

cules, crustaceans, insects, 
and small fish. Most of 
these spend their entire 
existence freely floating or 
freely swimming. With 
the exception of the fish 
and insects they consti- 
tute the plankton which is 
the basis of the food of the 
millions of pounds of fish 
taken from Lake Michigan 
every year. 

From the standpoint 
of our economic interests, 
the linmetic formation 
is of great importance. 
It deserves comment also 
because of its scientific 
interest, and the aes- 
thetic value of the vari- 
ous forms of which it b 
composed. 

a) Its composition (S5, 86, S7, 88, 89). — ^The minutest animals of 
this formation are the protozoa. About thirteen spedes have been found 
to inhabit the open waters of the lake. Of these the sun animalcule 
{Actinopkrys sol) (Fig. 12) and the shelled protozoan {Diffiupa globu- 
losa) (Fig. 14) are easiest to recognize. Nine of the thirteen common 
species are mixotrophic in their nutrition (i.e., contain chlorophyll and 
manufacture their own food) (Fig. 13) and share with the algae and 
diatoms the important function of furnishing food for the rotifers (wheel 
animalcules) and the crustaceans. 




Fig. t». — A sun uumalcule (Aclinofkrys 10/ 
Blirtig'); 330 times ruLtural site (ftfter Leidy}. 

Fig. 13. — Piotoiaaii (Peridiitium Utbulatiim 
Etubg.); 400 tiiiKS natuni site (after Kent). 

Fig. 14. — A dtellcd piotoiaan {Diffi»pa flobu- 
hta Buj.); 130 times natuial siie (after Lddy). 



„Goog[e 



76 COMMUNITIES OF LARGE LAKES 

About a dozea species of crustaceans are common in the lake. They 
feed chiefly on the protozoa, diatoms, desmids, and possibly the rotifers 
($5). Such crustaceans conslUule almost the sole food of young fishes and 
are ^ first food of the young wkitefishes (79). They are divided into 
copepods and Cladocera (and ostracods, rare). This division of the 
crustaceans is known as the Entomostraca. The smallest and most 



: LiMNEnc CoMMtrmTV op 

Fic. IS- — A common copepod (Cydopi bicuspidatus); 25 tiraes natural mjc 
(after Forbes). 

FiC. 16. — A cladoceran {Bosminaj; enlarged (from Forbes after Gcrstaecker). 

Fig. 17. — A cladoceran (Daphne hyalina faltala); enlarged as indicated (after 
Smith). 

Fic. 18. — A pelagic rotifer {Nolaps pelaptus Jen.); iSo times natural size (after 
Jennings). 

Fic. 19.— The same, side view. 

abundant of the Entomostraca of the lake is only i . i mm. in length and 
is slender and colorless. It b the slender Cyclops bicuspidatus, shown 
in Fig. 15. 

The commonest Cladocera of the lake are Bosmina (Fig. 16), Daphne 
retrocurva, and Daphne hyalina (Fig. 17). One other small species 
{Leptodora hyalina) belonging to this group is a very interesting creature. 
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"When in its native element it is almost perfectly tran^arent and 
consequently invisible — a true microscopic ghost" (Forbes, 89). 

The wbeel animalcules are as a rule larger than the protozoa and are 
of a much higher structural organization, capable of making more 
complex movements. About thirteen species of these may be found in 
the waters of the lake in midsummer. Notops pygmaats Calm, (see 
Figs. 18-19) is ^ characteristic member of the group. 

In addition to these forms there are also worms, such as round worms, 
planarians, leeches, etc., found in the limnetic formation either inciden- 
tally or habitually. 

None of the adult fishes of the lake belong strictly to the limnetic 
formation. Fishes such as the whitefish, lake herring, and lake trout 
are sometimes found in the open water, and the young of some lake 
fishes may belong there strictly (90). 

b) Characters. — Specialists in the various groups of anunak might be 
able to pick out some structural characters which would distinguish 
the forms of such open-water situations from the forms living in among 
the vegetation or on the bottoms of this or smaller lakes. The only 
striking structural character is the transparent or translucent o^or of 
most of the forms. 

A lai^e number, if not all, of the limnetic crustaceans are in deep 
water during the day and come to the surface at night. The behavior 
of the rotifers is somewhat different. Jennings (87) says: "During 
the day the limnetic rotifers are found in much greater numbers near 
the surface than near the bottom, reversing the condition commonly 
observed for the crustaceans. At night the distribution seems not to be 
materially changed. The immense numbers of crustaceans obscure the 
rotifers; but there was no greater number of rotifers near the bottom 
in the few towings made at night than in the day time." 

The most striking characteristic of the limnetic formation is that it ts 
independent of bottom and in its reactions is indifferent to the bottom. 
Jennings (44) states that pekgic forms have a more simple type of 
behavior than the attached and bottom forms. 

3. BOTTOU COUHUNITIES 

Forms inhabiting the bottom of lakes and also of the sea in a general 
way bear the same relation to the water that the terrestrial animals do 
to the surface of the land. Usually they do not leave it to rise to any 
considerable height above the bottom. The fishes of lakes corre^^nd 
to the birds of the land. 
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Other relations are, however, different. As has been stated, there 
are no truly rooted plants in the bottom of Lake Michigan. Those 
attached to the bottom are not rooted in the way that land plants are. 
The things which land plants get from the soil are supplied to the aquatic 
plants by the water itself. The same b true of the bottom animab; 
food is floating in the water in quantities and can accordingly be secured 
without effort, and some animals have the form of plants and simply 
depend upon the food which may be brought within reach by accident. 

Classification of bottom formations: Bottom formations are de- 
termined by depth (and associated i^enomena) and bottom. Bottom 
is of greatest inq>ortance in shallow water (less than 8 meters). Its 
importance is inversely proportional to depth. 

Within the zone of wave-action conditions are somewhat different 
than below it. Here the kind of animals is determined by (i) strength 
of wave-action, (3) erosion and kind of material eroded, and (3) deposi- 
tion, and animal communities may be classified as those of (i) eroding 
— rocky or stony — shores, (2) depositing or sandy shores, and (3) pro- 
tected situations. 

a) Eroding rocky shore sub-formation (80, Si, Sz, 85, 84) (StaUons 
la, 2 ; Table XV). — There are a considerable number of rock outcrops in 
the bottom inside the 8-meter (16 ft.) line, between Gross Point and the 
mouth of the Calumet River at South Chicago (61). As we shall sec 
later, these are of great importance to the animals of the lake. However, 
the communities of such situations are known to us only through the 
study of the very shallow water in the vicinity of Glencoe. Here, attached 
to the rocks by their silk, are caddis-worms {Hydropsyche). (Mr. W. J. 
Saunders has given me specimens of Parnidae {Psephenus) and stone-fly 
nymphs (Perla) taken from Lake Ontario at Kingston, Ontario.) All 
these ordinarily live in swift streams. Under the stones and among 
the algae attached to them are amphipods {Byalella kntckerhockeri) 
and May-fly nymphs (Ephemeridae), but so far as we have been able to 
record these are the only forms common here. The animals avoid the 
waves by creeping under stones or are attached to withstand wave- 
action. The lake trout (Fig. lo) is known to breed on the rocks off 
Lincohi Park. These rocks are then of considerable importance to the 
fish. Some species of small fish may be common here, but they have 
not been studied. 

b) Sartdy depositing shore sub-formation, 0-8 meters (26 ft.), shifting 
sand bottom (Station 3; Table XII). — On the open shore inside of 1.5 
meters (5 ft.) of water we have found nothing on the bottom. From this 



,y Google 



SHALLOW WATER COMMUNITIES 79 

dq)th to 4 meters (13 ft.) Spkaerium vermotUanum, which occurs rarely 
in Hickory Creek also, and midge larvae (a red and a white species) 
appear characteristic. A number of species of small fish such as the 
blunt-nosed minnow, the straw-colored minnow, and shiners are likely 
to be found in from 4-8 meters (13-16 ft.) of water. An occasional 
Lymnata woodruffi is found at this depth. 



RSPRZSENTAtlVE FtSBES BELONCINC MaINLV TO THE TbANSITION BELT OF 

Lake Michigam (15-54 »-) 

Fig. m. — Great Lakes trout (Cristivcmer namayeush) ; length 3 feet (after Jordan 
and Evemuuin). 

Fig. ji. — The bng-jaw whitefisb {Argyrosomus prognathus); length 15 inches; 
from the depth of 74 meten (after Smith). 

c) Communities 0/ protected situations (Table X). — Neat Chicago, 
bays and inlets are rare. Doubtless the mouths of some of the larger 
rivers. before, they were modified for navigation, were of this chanirtpr. 
Such places have been studied in Lake Superior (80, 83) and the 
Traverse Bay region. Out of 21 species recorded here, 16 are de 
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recorded below 9 meters and not on the open shores. All are found in 
small lakes and sluggish streams. 

d) Lower shore formation (8-25 meters) (Station 3 ; Tables XI, XIII, 
XV). — The belt immediately below the shore belt is characterized by 
wave-action sufficient to move only the finest material. Its lower limit 
is the lunit of wave-action; the beginning of light diminution; the lower 
limit of daOy fluctuation in temperature; and the lower limit for most 
of the species of MoUusca (7S1 appendix). Practically all the forms that 
have been recorded here are inhabitants of still, shallow water also. 
Notable among these are the common still-water amphipod Eucrangonyx 
gracilis, the little bivalve Sphaerium slriatinum, and several species of 
Amnicola and Valvala which, together with Lymnaea woodruffi,, are more 
characteristic of Lake Michigan than of shallow waters. AVbile a large 
number of MoUusca are recorded from the lake above 35 meters only the 
Sphaeridae are found below this limit. Small annelids, midge larvae, 
and leeches are very abundant north of Gary, Ind., in 1 1 meters of water. 

This belt is the principal breeding-ground of the whitefish. The 
eggs are deposited on the bottom and left unguarded. It ap[>ears that 
the young &sh stay in the shallow waters for a considerable time. Wher- 
ever the bottom is firm the lake trout breeds also. Nearly all the fish 
traps are set in the upper edge of this belt and in the lower boundary of 
the one above. 

e) Belt of overlapping: upper deep-water belt (25-54 meters) (Tables 
XIV, XV). — ^This belt is characterized as below wave-action, below 
daily fluctuations of temperature, with seasoi^al fluctuations not exceed- 
ing 3° C. It is intermediate between the belt above and the deep belt, 
and is the characteristic feeding-ground of the whitefish and the regular 
home of the long-jaw {Argyrosomus prognatkus, Pig. 21). On the other 
hand, it is the upper limit for some of the deeper-water forms, such as the 
well-known Mysis relicta and Pontoporeia hoyi (Figs. 22, 23), the deep- 
water crustaceans which are the chief food of the whitefish. 

f) Deep-water formation (54 meters to bottom) (Table XV).— This 
belt is characterized by weak or no tight and by seasonal changes in 
temperature less than i degree. Below 115 meters there are no light 
and no seasonal changes, and the temperature is 4° C. throughout the 
year. Off Racine in 82 meters (265 ft.) the bottom is of reddish-brown 
sandy mud (82); in 95-125 meters (311-410 ft.) dark-colored impalpable 
mud, depressioi\s with decaying leaves (8ia). In the Grand Traverse 
Bay region, Milner found decaying sawdust in 1S3 meters (600 ft.) (81). 
Except for unimportant variation in bottom, conditions are practically 
uniform throughout. Milner (Si) states that the invertebrates are 
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abundant and evenly distributed throughout the deep-water belt. The 
principal invertebrates are Pontoporeia hoyi, Mysis rdicla, water-mites, 
mid^e larvae, and a species o( Ptsidiutn. 

The fish, however, show some noteworthy peculiarities of distribution. 
The lake trout rarely leaves this belt, except during the breeding season. 
The blackfin {Argyrosomus nigripinnis) is below 70 meters, except in 
December, when it has been recorded in 60 meters. Hoy's whitefish 




Fig. 31. — A schizopod {Mysii relkla); enkiged as indicated (after Smith). 
Fic. 13. — Ad amphipixl {Paittoponia hoyi) (after Smith). 

{Argyrosomus hoyi) is rare, and' TrighpHs thompsoni has not been 
recorded above 115 meters; all accordingly live under uniform condi- 
tions — no day, no night, no seasons. 

III. SUMHAKY 

The available data on the conditions and life in the lake are of such 
a nature as to justify few conclusions of weight. We find only hints 
here and there which may be useful to those who shall investigate the 
lake in the future. 

I. Bottom forms are the most abundant on the open shores which 
are rocky, and which form good substrata for the attachment of algae 
and the holdfast organs of animals. 
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2. The sand-depositing shores are without animals, at least to a depth 
of t.5 meter, and life is scanty to 8 meters, on account of the shifting 
character of the bottom. 

3. Animals are abundant in protected bays; the spedes inhabiting 
these situations are commonly found in sluggish streams and small 
lakes, and a few of them have been recorded below 8 meters also, which 
is relatively quiet water. 

4. The animals of the upper shore belt, 0-8 meters, are found also 
in swift streams. 

5. The animals of the lower shore and upper deep-water zone are 
below effective wave-action and are those found in still waters. 

6. The animals of the deq>-water zone are not found outside of deep 
lakes, and cannot be compared with any others of our Chicago area. 

7. We have, then: swift-water animals in the upper belt, still-water 
animals in the middle belt, and deep-water animals in the lowest. 

8. The fish are migratory and deserve special comment. 

DISTUBtmON OF WHTIEnSH AND DEEP-WATER HSH IK LAKE WCHICAN (75) 

Argyrosomus artedi, the lake herring, is near the surface. 

Coregottus clupeiformis, the whitefish, lives most commonly between 3i and 

36 meters; it spawns in water between 3 and 38 meters, most commonly 

between 15 and 19 meters. It makes migrations into the g-meter belt 

in summer, supposedly on account of bad aeration; has disappeared 

where breeding-grounds have been destroyed. 
Argyrosomus progtmlktts, the long-jaw, is found mainly in from 36-66 meters. 
Argyrosomus nigripinnis, the blackfin, is found in from 70-80 meters, coming 

up to 60 in December. 
Argyrosomus hoyi, Hoy's whitefish, is usually recorded below 115 meters. 
Triglopsis titompsoni is confined below 115 meters. 
CrisHvomer namaycush, the lake trout, is confined below 35 meters, except 

during the breeding season. It breeds between 3 and 35 meters on rock 

or other hard bottom. 
Lota maculosa, the lawyer, appears to be dbtributed throughout, but no 

account is to be found regarding its movements or their causes. 

An interesting truth b illustrated by the species of white&shes 
{Argyrosomus and Coregonvs). If a group is to be successful and become 
extensive in its distribution, it must so differentiate in habits as to bring 
the different races out of competition with each other. We usually 
find that different species which are closely related have different habitats. 
Here we have these species of fish arranged one above the other. The 
separation in such cases is usually horizontal. 
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AmifALS Recorded frou Lake Michigan' 

UST I 

Common Enlomoslraca 

Copepods: Cyclops Uuckarti Claus, C. bkuspidatus CUus, C. prasmus Fiscbei, 

Episekura iacuslris Forbes, Diaptomus asUandi Marsh, D, oregonensii LJl,; Clado- 

cerans : Dapknt hyaiina Ley., and D. relrocurva Forbes. 

TABLE X 
Animals occurring in protected situations (bays, harbors, etc.) in LaJte Superior 
jn from o-i meters of water, andknonnalsotooccur in Lake Michigan where habitats 
are not recorded: 



Mussel I AncdonUt grandis Say. , .. 

Mussel I Anoionta marpnala Say.. 

Snail A mnicola luslrica Pils . . . . 

Snail Valvata hicarimita Say. . . 



(7S. 83, 91) 
(75, 83, 9O 
C7S. 83, 91) 
(7S. 83, 9t) 



TABLE XI 

Animals of the lower shore belt. Those definitely recorded from 8-15 meters of 
water are marked * and **, the latter indicating that the records are original from 
II meters of water north of Gary, Ind. (Station 3); f indicates that the aDimals 
are recorded from protected l>ays in 0-3 meters of nater (Lake Si^wrior), and 1 
that they occur in inland waters, especiaUy ponds: 



Conunon Nuu 


Scientific Nime 


Litenuin 






(75. 83. 91) 
(75. 83, 9') 
(75. 83, 91) 


















(91 






(91) 






(91) 




ValKia bkarinaUi. ptrdtprttsa Walk 










(75, 83) 
83,91) 






••Bivalve 






(75, 83, 91) 
(75, 83, 90 












Sphaerium siriatinum Lamarck 




(..) 


• Midge larva. 




•K .::;:;:::::: 




(91a) 




LimnodrUus claparcdianus Ratzel 







'The numbers in parentheses in the column headed "Literature" refer to refer- 
es in the Bibliography at the end of the book. 
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Animals od depositing shores in liom o-S metm of water, * indicating that 
leconls are original. 



CommoD Nunc 

'Bloodworm 

•Bivalve 

'Midge larvae 

'Snail. 

Long-nosed sudcer. . . 

Coimnon sucker 

Hog sucker 

Red-horse 

Trout perch 

Minnow 

Straw-colored minnow 

*Shiner 

'Blunt-nosed minnow. 

Top minnow 

Johmiy darter 

Least dorter 

Lake herring 

Pumpkinseed 

Blu(siU 

Mud minnow 



SdentiSc Suae 

ChiTonomid larvae 

SfhaeriupivermonUirtum Prime (diatacteris- 

tic) 

Metrwcntmia sp 

Lymnaca leocdruffi Baker (rarely) 

Colostomas calcstomus Fors 

Calcsiomus commersonii Lac 

CaiatofKui nigriami LeS 

Moxoiioma atmolum LeS 

Ptrcopsis gauaius Ag 

tfolrofis kudsanius DeW. Clin 

Notropii bkaaius Gir 

Notropis athtrinoides Raf 

Pimtpkales noiatus Raf 

Funduiui diaphanui mtnona J. and C , 

Boleosovut aigrMm Raf 

MicTOptrca punctulata Put 

Ariyrosemus arudi LeS 

Eupamolis gitbeitu Linn 

Lepomis paUidas Mitch 

Umbra limi Kirt 

AnguUla rostrata LeS 



81, 84) 
(81, 84) 
(81, 84) 
(8., 84) 
(81 



TABLE XIII 
Animals occurring in from 15-35 meters of wat 



«Nin 



ScieaUGc Nine 



Snail 

Polysoan 

Snail 

Snail 

Leech... 

Rotifer! '. 
Rotifer. . 



Armticola waikeri Pits, . . . 

Pitimalella sp 

PIturoceridae 

Lymnata sp 

CUpstMsp 

Neuiopteroid insects 

Rati/cr elongatus Weber . , 
Dinocharis Utractit Ehrbg, 



TABLE XIV 
Animals occurring in from 15-54 meters of wa 



Common N.i« 


Scieuific Nine 


Litouiin 




Piiidiumsp 










Frtdtricelia sultana a\<im 


:;:; iS 
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TABLE XV 
Showing the recorded distributioD of animate occuning in aeveial of the vertical 
belts of Lake Michigan. The star indicates that the animal a, present at the 
depth indicated at the head of the column in which the star occurs. B indicates 
that it breeds, and F that it feeds, at the indicated levels. The numbers in the 
column headed "Literature" refer to the Bibliography at the end of the book. 
The lower depth limit of many of the fishes listed is somewhat uncertain, as 
Milner does not indicate their exact distribution inside of 35 meters, but implies 
that they may occur at the depths indicated in the table. Other records bear 
out Mihier's imfdications. 



Sturgeon 

Crayfish 

Crayfish 

Long-nosed gar 

Lake catfish. . .' 

Croaker 

Perch 

WaU-eyedpike 

Laige-mouthed black 

bass 

Small-mouthed black 

Northern moon-eye. . . 

Toothed herring 

Tadpole cat 

Carp 

Pike 

Brook silverside 

Stickleback 

Whitefish 

Rock bass 

Amphipod , 

Long-jaw 

Lawyer 

Lake ttout 

Hoy's whitefish 

Amphipod 

Scmzopod , 

Blackfin 

Small cottoid 



Acipeitser rubicttndus LeS- 1 
Cambarui firapinquus Gir. 

Cambarus pirUli Hag 

Lepisosteas osseus lAna. . . 
Ameiurus ImusIHs Wal. . . 
Aplodinelui frunniens 
Raf 



Micropterus salmtndes Lac. 

Micreptems dohmieu Lac. 
Hiodon aioioides Raf. . 
Hiodon leriisus LeS. . . 
SckUbeodts gyrinus Mitch. 

Carpiodts sp . • 

Esox lucius Linn . . 
Labidtstket ikadm Cope. 
Eucolia ittconslans KJrt. . 
Coretonus clupei/ormu 

Mitch 

AiiMaplites rupestris Raf. 
Eucrangonyx gracilis 

Smith 

LyiHiiaea lanceata Gid.. . 
ArtyTOsomus progtuUhas 

Smith 

Lola maculosa LeS 

Criitipomtr namaycusk 

Wal 

Artyrosomui koyt GiU 

(MSS) 

Ponlaporeia koyi Smith. . 
Mysis telicta Loven .... 
Argyrosomus nipipinnis 

GiU.. 



Triglopsis Ikompsoi 



(7S. 81) 
(75,p.i5) 
(7S.P-tS) 
(81, 84) 
(81, 84) 


(84) 
(81. 84) 
(81) 


{81) 


(81, 84) 
(81, 84) 
(81, 84) 



(7S, SO 
(8-, 7S) 
(«>. 7S) 
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CHAPTER VI 

ANIMAL COMMUNITIES OF STREAMS 

I. Introduction 

The conditions in streams from headwaters to mouth haye many 
features in common with lakes, like Lake Michigan. It is therefore 
appropriate that they follow the discussion of such a Iake> The streams 
belong to two drainage systems — the Mississippi and the Saint Lawrence. 
All are tributary either to Lake Michigan or to the Illinois River, The 
principal tributaries of the lake near Chicago are the Chic^o River, the 
Calumet River, Trail Creek, the Galien River, the St. Jospeh River, 
and the Black River. The principal tributaries of the Illinois River, 
with which we are concerned, are the Fox River, the DesPlaines River, 
the DuPage River, the Kankakee River, Salt Creek (111.), Hickory Creek. 

The factors of greatest importance in governing the distribution of 
animals in streams are current and kind of bottom. They influence 
carbon dioxide, light, oxygen content, vegetation, etc. 

These factors are controlled by age (physiographic) , length of stream , 
and elevation of source above the mouth, all of which are physiographic. 
The typical stream begins as a gully and works its way into the land 
(Fig. 68. p. 112). The importance of some of the factors is greater in 
some stream stages than in others. For example, in the younger stages 
(a) material eroded, (d) relation to ground water, and (c) slope of stream 
bed play a more important r61e than they do in later stages. 

II. Communities of Streams 

I, CLASSIFICATION 

The classification of stream communities is based upon physio- 
graphic history and physiographic conditions. In the early stages of 
stream development there are two types to be distinguished: (a) the 
communities of intermittent streams, and (6) spring-fed streams. As 
soon as the intermittent stream cuts below the ground-water level, 
it becomes much like the spring-fed stream. Permanent streams are 
divided into brooks, swift and moderate, and rivers, sluggish and moder- 
ate, with communities named accordingly. We undertake a discussion, 
first, of the hbtory of the communities of streams developing in materials 
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easily weathered and eroded, containing bowlders, gravel, and occasional 
strata of hard rock. 

2. THE INTERMITTENT STREAM COBOniOTTlES 

(Stations 4-8; Tables XVII, XVUI) 
There are two types of these — intermittent rapids and pool 
communities. 



An I.viERMiTTENT Stream 
Fio. 14. — The young stream at Glencoe in spring at high water, showing the 
leaf-barren trees. 

Fig. 15. — The same in summer, showing the stTcam eotirely dry, 

a) Temporary rapids cottsocies (Figs. 24, 25), — Small gullies in 
which water runs only when it is raining do not have any aquatic 
residents. As soon as such a gully has cut a channel deep enough to 
stand below ground-water level during a few days or weeks of the rainy 
season, aquatic insects make their appearance. The species which is 
usually found in the smallest trickle of water is the larva of the black fly, 
Simidium (Figs. 17-32). As the stream grows a little larger, and per- 
haps even at such a young stage also, we sometimes find the nymphs 
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of May-flies. Such streams have, however, no permanent aquatic resi- 
dents. These aquatic forms are not aquatic during thieir entire lives. 
They require water only during their early stages. If the water is 
runnit^ at the time the female is ready to deposit eggs and if she is 
properly stimulated by the conditions, she deposits them without regard 
to future conditions. If the wet weather continues long enough, the 
larvae will mature and the other adults will appear, otherwise they die. 
This type of animals continues after the stream becomes large enough 



Stream CotaiuNiiiEs 

Fig. i6. — The pupal case of one of the caddis-wonns (Rhyacofkila) from the 
npids of the temporary atieam at Gleacoe; enlarged as indicated (original). 

Fio. 17.— The larva of the black fly (SimutiHm); about 15 limes natural sLte 
(after Lugger). 

Fig. 38. — Pupa of the same (after Lugger). 

Fig. iq. — Pupa of the same in the pupal case (original). 

to have permanent pools. At such a stage the number of species is 
increased, but no two collections are alike (see Table XVII). Clinging 
to the upper surface of the stones are black-fly larvae, caddis-worms 
(Rhyacophilidae) (Fig. 26}; under stones, May-fly nymphs, those col- 
lected as different times often belonging to different species. On some 
occasions there are great numbers of unidentifiable dipterous larvae 
and caddis-worms without gills or cases. Such a stream may possess 
any or all of these on one occasion, and none or only a few of them on 
another. 
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Fig. 30. — The eggs of the bUdc Sy, about ij times natucal size (from Williston 
after Lugger). Fig. ji. — Side view of the adult fly (from Williston after Lugger). 
Fig. ii. — The same from above (from Williston after Lugger). 
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b) Temporary pool consocies. — As a young stream grows deeper it 
often reaches some depression or marsh at its headwaters of which it 
forms the outlet in the early spring. It is now permanent for a longer 
period each season of normal rainfall, and small pools usually alternate 
with the rapids just described. In these pools aquatic insects, crus- 
taceans, and snaib which belong primarily to stagnant ponds make 
their appearance. The first resident species are the crayfishes. They 
are found in the pools in the early spring when the water is high. The 
drying of the stream calls forth behavior suited to the conditions, 
and in summer their burrows are common in the stream bed. They 
come out at night and are preyed upon by raccoons, the tracks of which 
are commonly seen. 

c) The horned dace, or permanent pool communities. — The first per- 
manent parts are permanent pools. In these, conditions such as current, 
sediment, oxygen content, etc., are intermittent or spasmodic. The 
current in the rapids is distinctly spasmodic and conditions in these 
rapids are similar to those in the stream before even temporary pools 
were developed. Streams with permanent pools are represented in the 
Chicago region by many which enter the lake where high blufis are 
present. County Line Creek (Figs. 24, 25) has been studied as an illus- 
tration of this type (Table XVII). 

The larger pools possess a practically permanent fauna. The char- 
acteristic forms are the crayfishes (Cambarus virUts and propinquus). 
The young are to be found in the pools at all seasons of the year. Water- 
striders, back-swimmers, and water-boatmen are common. Occasionally 
one finds dragon-fiy nymphs {Aeshna constricta and Cordulegaster obli- 
quus), dytiscid beetles (Hydroporus and Agalyus), crane-fly larvae, the 
brook amphipod {Gammarus fascialus), and the brook mores of the sow- 
bug iAs^us communis) (Fig. 55, p. 98). These are common among the 
lodged leaves. They move against water current. 

The species of fish (Table XVIII) which is most commonly found 
in the smallest streams (92) and nearest the headwaters of the larger 
streams is the homed dace or creek chub (SemotUus atromaculatus) (Figs. 
33i 34)- I^ possesses certain noteworthy physiological characters. Like 
many other species of fish, it goes farthest upstream for breeding (50). 
Its nest is made of pebbles. Often after the breeding season is over, and 
the adults have gone downstream, the water lowers so that young fishes 
are left in large numbers in small drying pools. Here they swim about, 
with their mouths at the top of the water, which is constantly being 
stirred up by the many tails, and which often contains much blackened, 
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oxygen-coDsuming excreta and decaying plant materials. This would 
cause death to less hardy fishes. Allee (53) found very little oxygen in 
the waters of such pools. As it is, the pools often dry up, and the fish 
die. The second fish to enter a small stream appears to have many of 
the characters of the first. It is usually the red-bellied dace (Chrosomus 
erythrogaster), which breeds on sandy or gravelly bottom {93) but toler- 
ates standing water, being found also in some of the stagnant ponds at the 
south end of Lake Michigan. In some streams, the black-nosed dace 
(Rhinichtkys atroHOSus) (Fig. 35) is second from the source. These fishes 
go against the current, but avoid the places where it is most violent. 




Breeding Habits of a Piokeeb Stkeah Fish 



Fig. 3j. — Showiog, in longitudinal section, the nest of a horned dace {SernDtilus 
ofromacuUtus), with male and female fish in the nest. The stream Bows in the direc- 
tion indicated by the arrow at the upper left-hand corner of the picture; \ natural 
size (after Reighard). 

Fig. 34- — Male and female homed dace during the spawning act. Each time 
the male clasps the female slie deposits 35 to 50 eggs in the nest. Note pearl organs on 
the head of the male (after ReighaidJ. 

This one also breeds on gravel bottom, and can withstand the stagnant 
conditions of the summer pools. 

As the stream lowers its bed, this type of formation passes gradually 
into a later one. The beginning of the succeeding formation is heralded 
by the coming of the Johnny darter (Boleosoma nigrum), the common 
sucker {Catostomus commersonii) (Fig. 36), and the blunt-nosed minnow 
(Pimepkales nolatus) (Fig. 37) (79). 

d) Characters of the communities. — The intermittent- stream com- 
munities are made up of animals which are dependent upon water 
during only a part of their lives and which possess a means of attach- 
ment and move against current (94) (positive rheotaxis). The pool 
communities are made up of animals tolerating great extremes of 
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conditions and being also positively rheotactic. The fish are able to 
meet the current and to withstand the conditions of the stagnant pools. 
The crayfishes live in the water in the spring and burrow in the 



PlONEEB STSEAM FISKES 

Fig, 35. — BUtdi-nostd dcce {Rhinichlhys alroiMsus) (from Forbesand Richardson}. 

Fig, 36. — Common sucker {CaU?sU?mus commersonii); length 18 in, (From Meek 
and Hildebraod after Forbes and Richardson). 

Fig. 37- — Blunt-miBed minnow (Pimtphalci noMui); length 2 to 3} in. (from 
Forbes and RJchardaon). 

dry weather; adults of the aquatic insects creep into moist places 
when the stream dries. Ailee (53) has foimd that isopods are positively 
rheotactic and that they can be acclimated to extreme conditions. 
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3. SPRING BSOOK COMltUNITIES 

(Stations 10 and 11 ; Table XIX) 

In glaciated areas many of the streams are fed by springs which 
have not been produced by erosion, but are the result of porous and 
impervious layers of till arranged as in regions possessing artesian wells. 
The presence or absence and numbers of animals in a spring depend 
largely upon the chemical content of its water. Spring waters commonly 
have insufficient oxygen to support animals and at the same time may 
contain sufficient nitrogen and carbon dioxide to be detrimental if not 
fatal to animals. The mineral matter in solution may be large in 
quantity and in some cases poisonous also. As the water Sows away 
from the spring it becomes aerated and diluted with surface water so 
that the animals of the spring brook can live in it. Spring consocies differ 
in different springs because of variations in the character of the water. 

In an area where there are springs, they are usually numerous. 
The little brooks unite to form larger streams. Typically, such streams 
may not be larger than intermittent streams, but a nearly constant 
flow at all times of the year b one of the characteristic conditions. 
Pools and rifSes are not so well defined, but contain some smalt fishes. 
The watercress grows abundantly at the sides of the stream and affords 
a lodging-place for aquatic animals not furnished so abundantly by 
young streams of other types. The water is colder in summer and 
warmer in winter than in other streams. 

Spring brook ojjocia/wM.— Among the watercress are the amphipods 
{Gammarus fasciatm), the Urvae of Simulium attached to the leaves, 
beetles, dragon-fly nymphs, and young crayfishes. Here are also found 
occasional snails (Physa gyrina). The species of the cress association 
are nearly all found under stones or on stones in the riffles. On the 
stones are Simulium larvae and Hydropsycke (95), the net-building 
caddis-worm (Figs. 39, 40, p. 96). Under the stones are the nymphs of 
the May-fly (Baetis and Heplagenta), the larvae of flies and midges 
{Ckironomus, Dixa, and Tanypus), the brook beetles (EltHts fastidUus) 
(Fig. 47, p. 98), and occasional amphipods and crayfishes. 

4. THE SWIFT-STBEAM COHUUNITIES 

As the spring brooks and the intermittent streams continue to 
erode their beds, they increase the extent of their drainage systems and 
become larger streams. Springs tend to disappear in connection with 
the spring brook and the intermittent stream reaches the ground-water 
level and becomes permanent. The two sets of conditions converge 
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toward the larger swifl stream (Fig. 38). While the conditions in these 
are like those of the spring brook, the watercress is absent and there are 
few rooted plants. Pools and rifQes are well developed and the flow of 
water is constant, but fiuctuates in volume. These streams diSer in 
size, but the formation mores are practically the same, although larger 
species commonly inhabit the larger stream. 

a) Pelagic sub-formation is very poorly developed in the smaller 
streams and will be discussed in connection with sluggish streams. 



Fig. 38. — The pennaneat swift stream showing the stones in the lapids, and the 
stiller places below (New Lenox, III., Gaugars Station) (original). 

b) Hydropsycke or rapids formations (Stations 14, 15, 17, 19, 20, Ji; 
Tables XX, XXI, XXII).— These are usually due to the presence of 
coarse material or an outcrop of rock. They are typical in streams with 
lai^e bowlders and stones of all sizes. Here current is probably the 
controlling factor. In these streams, we find the best expression of the 
riffle formation, which we have seen is poorly developed in the smaller 
streams. This formation includes three ecologically equivalent modes of 
life, each meeting the current in a different way. These are (i) clinging 
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to stones in the current, (ii) avoiding the current by creeping under 
stones, (iii) self-maintenance by strong swininiing powers. 

Upper surface of stones (stratum i) : Here again we find the black-fly 
larvae, particularly in the smaller streams. They are provided at the 
posterior end of the body with a sucker surrounded with hooks {Figs. 
S7~32)- The salivary glands are, as is common in insects, modified into 
silk glands and the silk is of such a nature that when it is brought into 
contact with a stone it adheres. The animals are usually found attached 
to the rock by the sucker, with the head downstream. The fans are 
extended and serve to catch diatoms and other floating algae. If for 
any reason the sucker gives way, the animal starts to float downstream. 
If the mouth can be brought into contact with a stone, the silk is exuded 
and the animal is held until it can make the sucker fast again. The 
pupae of this fly are also attached to the stones. They are surrounded 
with a cocoon. We have removed them from the stream and have 
found that they cannot make this cocoon in the absence of the current, 
but make a shapeless tangle instead. The adults deposit their eggs at the 
sides of the streams (96). 

On the tops of stones caddis-worms {Uydropsyche sp.) usually have 
cases made of pebbles stuck together with silk {Figs. 39, 40). They also 
have a net for catching fioating food. The net faces the current (usually 
uj)stream) (Fig. 40). The river snail (Goniobasis Hvescens) (Fig. 54) is 
common on the upper surfaces of the larger rocks and is distinguished 
by a strong adhesive foot. These snails are usually headed upstream. 
When placed in a long piece of eave-trough into which the tap water was 
running at one end, they nearly all made their way to the upper end 
within a short time. They are ecologically equivalent to the caddis-worms 
and the black-fly larvae. 

Among the stones {stratum 2) : Of the animals living among stones, 
the darters are most important. Of these the banded darter {Etheostoma 
soaale) (Fig. 44), the fan-tailed darter (£. flabellare), and the rainbow 
darter (£. coeruleum) (97) (Fig. 45) live among and under the stones or 
in the algae which cover the rocks (especially the fantail). With them 
are sometimes found the Johnny darter {Boleosovut nigrum), the black- 
sided darter {Hadropterus aspro) (Fig. 46), and the small bullhead or 
stonecat {Schiibeodes exilis). These fish are all positively rheotactic. 
They apparently orient because of unequal pressure on the two sides of 
the body when it is not parallel with the direction of the current. 

Under the stones (stratum 3) : There are many more forms living 
under and among the stones than on the tops of them. Here are the 
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May-fly nymphs, the flattened Hepiageninae, and the more or less rounded 
Siphlurus (95) (F^. 48, 49, 50), evidently succeeding well t^ether. 
This fact makes the value of the flattening as an adaptation appear nil. 
There are also the larvae of midges {Cftironomus sp.) (98) and of horse- 
flies {Tabanus} (Figs. 51, 52). The adults of the latter deposit their 
eggs in great masseson the tops of the stones which protrude from the 
water. The stone-fly nymphs, similar to the Hepiageninae May-fly 





Representative Aquahc Imsects of a Rapids Comuusitv 

Fig. 39. — The net of the brook caddis-worm (Hydropsyche) seeo from the front. 
Drawn from a specimen which made its case against the side of an aquarium (original) . 

Fig. 40. — The same in its case with the net adjoining the opening which iac«5 
upstream (original). 

Fic. 41. — The larva of a caddis-By {Helicopsycke) with a case made from pebbles, 
in the form of a spiral; 2\ times natural ^ze (original). 

Figs. 43, 43. — The water-penny larva of the brook beetle {Parnidae) seen from 
above and below (43); 2\ times natural size (original). 

nymphs in form and appearance, are found here also. Perhaps the 
most bizarre of all are the water-pennies. These are round flat objects 
adhering to the under sides of stones, and not looking like animals at 
all. They are the larvae of a pamid beetle {Psephenus). Figs. 43 and 
43 show two views of a larva. The old larval back becomes the cover 
for the pupa. The adults live under the stones also and their general 
appearance is like that of the pamid in Fig. 47. Sessile or attached 
animals are common in the brooks, but their numbers vary greatly from 
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year to year. On one occasion the surface of the rocks and stones in 
Thorn Creek was almost covered with sponge, and while some sponge is 
always to be found, we have not seen it so abundant again. Polyzoa 



46 

Representative Fishes of a Rapieis Comhunitv 

Fig. 44. — The banded darter (Elkeosloma sanalt); length 1 in. (from Forbes), 

Fig. 45. — The rainbow darter (Elhtasloma cotrtdeum); length 1 in. (from Forbes). 

Fig. 46.— Black-sided darter (Hadropierus aspro); length 3-4 in. (from Forbes). 

are usually present under the stones. Such animals depend upon foods 
in solution and small floating plants and animals. 

In addition to those rapids which have large rocks, are those in which 
the bottom is of coarse sand and gravel, with only a few small stones. 
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Representative Amit. 



RAFtOS CotlUUKtTV 



Fig. 47.— An adult brook beetle (Parnidae); twice natiual size (original). 

Figs. 48-50. — Different views of the nymph and adult of the May-fly {Siphlurus 
oJltrHotus); 3^ times natur^ size (after Needham), 

Fig. 51. — The eggs of a tabanid fty taken from a protruding stone; twice 
natural size (otiginal). Fic. 51. — Adult fly. 

f^C. S3. — A water-strider (Rhafotelia coUatis), from the margin ol the swift 
brook (New Lenox, Gaugars); twice natural size. 

Fic. 54. — The common river snail (Goaiebasis ihesccns), covered with calcium 
carbonate secreted by atgae; natural size (original). 

Fig. 5S- — An intetmittent stream sowbug {Astllus comntunis); twice natural 
size (original). 
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Here we find the caddis-worm (Hdicopsycfie) (Fig. 41, p. 96), which has a 
spiral case made of sand grains. These are most abundant where some 
sand and swift current are both found. There is from time to time some 
vegetation in such situations and on it we find the brook damsel-fly 
nymph {CaJopleryx ntaculala), the adult of which is the black-winged 
damsel-fly. 

Characters of the formation: The swift-stream formation has a 
striking behavior character, namely, strong positive rheotaxis. Other 
physiological characters, such as the toleration of only low temperatures 
and high oxygen content, and the necessity for current for the successful 
carrying-on of their budding operations, are probably common to the 
animals. So far as the fishes of the rapids are known, they breed on 
coarse gravel bottom or under stones. The mores of the formation are, 
then, current resisting and current requiring, dependent upon large 
stones or rock bottom for holdfast and building materials. 

c) Sandy and gravelly bottom formation (pools) (Stations 15-22; 
Tables XVII-XXV).— The pools of streams with characteristic forma- 
tions are usually 2 or 3 to 10 feet deep, depending upon the size of the 
stream. The bottom is sand or coarse gravel. In these we find condi- 
tions very different from those in the rapids. The pools are the home 
of the rock bass (Ambloplites rupestris), the small-mouthed black bass 
(Micropierus ddomieu), the sunfishes (Lepomts pallidus and megalotis), 
and the perch (Perca flavescens), together with a number of interesting 
small fishes whose distribution is shown in Tables XXI and XXII 
(79. 92)- 

With these are also the mussels (91), frequently as many as nine or 
ten species, among which are Lampsilis ItUeola, ventricosa, and liga' 
mentina, the little Alasmidonta cakeola (Figs. 57, 58), and Anodonioides 
ferussacianus (Figs. 59, 60), the last-named being perhaps the most 
characteristic of them all. They are often found beneath the roots of 
willows along the sides of the pools. Mr. Isely found that mussels 
migrate to shallow water during flood time. Musseb are dependent 
upon fish for a part of their lives. The young are carried by the adult 
■ until ready to attach to the body of the fish (99). When they leave the 
fish they are able to take care of themselves. Burrowing in the gravel 
are bloodworms (Chirotutmus sp.) (95, 98), the burrowing dragon-fly 
nymph (Gompkus exilis), aburrowingMay-fly (Fig. 64fl,p. 107), a caddis- 
worm, and occasionally snails, Campeloma (Fig. 61 or 64^) and Pleura- 
cera (Fig. 64^). There are a few plants that grow on the sandy bottom 
in such places, and among these one finds the snail {Amnicola Umosa), 
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Representatives of the Pool Couuunitv 
Pic. 56. — A long-legged spider taken from a stone out of water in a stre&m 
{Tetragnatha graUator); twice natural size (original). Fig. 57.— Outside o( shell o[ a 
small mussel from Hickory Creek (Alasmidcnta calceola); natural size (original). 
Fig. 58. — Inside of the same. Fig. 59. — Inside of sheU of mussel from Hickory Creek 
(Anodoaloidu ftrussacianus, subspedes subcylindraceus Jjsa); natural size (original). 
Fig. 60. — Outside of the same. Fig. 61. — A anail from the still water of Thorn Creek 
{Campeloma subsolidum); natural dze (original). Fig. 62. — A snail from the still 
water of Hickory Creek {Phiwrbis bicarinatus) , seen from the left; natural size 
(original). Fic. 63.— The same seen from the right. 
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occasional aquatic insects, and hair-worms {Gordius). In some localities 
bivalved mollusks (Sphaeridae) and leeches are numerous. 

Under primeval conditions beavers are associated with the pool for- 
mation. They build dams which contribute to the deepening of the 
water of the pools. For a good account of their habits see citation ggb. 
An old beaver dam is supposed to have turned the waters of the 
DesPlaines out of the Chicago River and down the Chicago outlet. 

Characters of the formation : The mores of the pool formation are dis- 
tinctly those of partially burying the body just beneath the surface of 
the fine gravel and moving against the current. The few animals that 
make cases usually use gravel or sand grains. A single caddis-worm 
makes its case from small sticks such as commonly lodge in eddies. 
Some of the fishes breeding in these situations cover their eggs (50). 
Some fishes orient the body and swim upstream as a result of seeing the 
bottom apparently move forward below as the fish floats down (94). 
They behave the same if put into a trough with a glass bottom and the 
trough drawn forward. Some orient also when their bodies rub against 
the bottom when floating downstream. 

5. TIIE COlUmKITIES OF SANDY BOTTOUED STREAMS (SHIFTINC BOTTOU 
StTB-FOXUATIONS) 

(Stations 32-26; Table XXIV) 

We have studied the upper course of the Black River, the upper 
course of the Calumet River, and the Deep River, and two or three 
tributaries of Lake Michigan near South Haven. The kind of material 
eroded is of the greatest importance in determining the mores present in 
a stream. The streams of the eastern part of our area are in till which 
is sandy and their bottoms are sandy. This material is always slipping 
and moving downstream. There are few large stones. The bottom is 
not suitable for animals. The swift-water animals are almost entirely 
absent. The forms present are those which belong to moderately swift 
water. 

Composition and subdivisions. — Such streams are poorly populated. 
Their mores resemble those of the formations of the pools of streams 
eroding coarse material, but the shifting is so much more general and the 
species found so different, that it has been thought wise to separate the 
two. In the Michigan streams there are in summer a few scattered 
plants, which support a considerable number of insects; some of the 
brook beetles (Pamidae) are found attached to them. The logs and 
roots that happen to be in the water are important; they are the only 
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places that support any amount of life. From these logs I have taken 
hundreds of specimens of small Parnidae, and with them predaceous 
diving beetles {Dyliscidae) which were found hiding in the cracks, also 
a few scattered caddis-worms {Hydropsyche). The fauna of the bottom 
is made up of burrowing and semi-burrowing forms. The little dytiscid 
{BydropoTus mtUitus Lee.) (99c) is characteristic: it has the habit of 
burying itself in the sand. The bivalved moHusks, especially mussels, 
are present. From the Deep River (upper course) we have taken 
nearly a dozen species. The only snail found is a burrowing form also. 
Animals of such a stream are subject to severe conditions. Many 
of them burrow. The substratum is very unstable and the logs and 
parts of trees to which many of them are attached are free to float down- 
stream with every flood. We know nothing of the reactions of these 
animals to various stimuli. They are distinctly subjects for investi- 
gation. 

6. THE SLUGGISH STREAM COICHDNITIES 

(Stations 19, 27, 28, and 29; Tables XVU, XVIII, XX-XXV) 
There are several phases or types of sluggish stream formations. 
The most important of these are the sluggish or base-kvel creek, the 
sluggish river, and the drowned river. These are all iUustrated in the 
Chicago area. 

The sluggish creek type is illustrated by the west branch of the 
DuPage River and its tributaries; the upper course of the west branch 
of Hickory Creek, Dune Creek, some parts of the Little Calumet south 
of Millers, and the Kankakee and some of its tributaries. 

The sluggish rivers are the Upper Fox, the lower St. Joseph, the 
Grand Calumet, the lower Galien, the lower Black, and others. These 
constitute a group of streams representative of the sluggish type about 
the Great Lakes. 

1) Sluggish creek sub-formations (Stations 16, 18). — The west branch 
of Hickory Creek has been studied in a cursory manner. The fish are 
a strange mixture of semi-temporary stream and pond forms. The black 
bidlhead {Ameiitrus tndas) (79) is probably the most characteristic fish. 
The golden shiner {Abramis crysoleucas) and sunfish (Lepomis cyanellus) 
are also found- 
Baker (100) studied the upper portion of the east-north Chicago 
River. He recorded the same species of Mollusca as were taken in the 
upper part of Hickory Creek. He records also the black bullhead. The 
insects which he mentions are those commonly found in ponds. This 
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community is distinctly of the pond type in its general mores. Stagna- 
tion and low oxygen content and the partial drying of the stream are 
tolerated by all the reddents. 

b) Sluggish river formations. — The cooditions in sluggish rivers are 
different from those in smaller swift streams in many req>ects. The 
bottom is for the most part of fine materials; there are no rocks. The 
difference betweea pools and rapids no longer exists. The river is a 
gently flowing mass with relatively little distinction as to different parts. 
The margins of such streams are lined in summer with typical rooted 
and holdfast aquatic plants. The small bays and out-of-the-way q>ots, 
out of the current, support bulrushes and sometimes cattails. We can 
distinguish several formations in the Fox River: (i) The pelagic forma- 
tioQ, (2) the formatioQ of saud and sUt bottom (assodatioo of sandy 
bottom where the current drags in midstream or beats against the 
shore; association of silt bottom where least current is present), and 
(3) the formation of the zone of vegetation. 

Pelagic formation: This is well developed in the larger rivers, e.g., 
the Illinois River (77). While the Illinois no doubt differs from the Fox 
in many re^>ects, doubtless the general features are much the same. 
It does not differ greatly from that of Lake Michigan. 

Burrowing May-fly or sand and silt bottom formations: On the ' 
bottom in ten feet of water we have found mussek (AtioJottta grandis 
and Quadnda undulata), the snail (Goniobasis tivescens), bloodworms 
(Ckironomidae), green midge larvae (Ckironomidae). On the old mussel 
shells were large colonies of the bryozoan Plumatdia and occasional 
caddis-worms {Hydropsyche) (Figs. 39, 40, p. 96). On sandy bottom, 
conditions near the margin are similar to those on the bottom. We 
find here also an occasional snail {Goniobasis, Pleurocera, and Camfif 
loma), the midge larvae and bloodworms, occasional burrowing May- 
fly nymphs, and a number of musseb {Unto gibbosus and Quadnda 
rubiginasa being the most characteristic). There is also an occa^onal 
^>ecinien of the long-legged dragon-fly nymph {Macromia laeniolala) and 
the black-sided darter. A considerable number of these spedes occur 
in the stillest pools of Hickory Creek, indicating the types that will 
dominate later. SQt is often found in particular spots. The most 
characteristic animals in this are the large mussel {Quadrula undutata), 
the burrowing May-fly nymph (Hexagenia sp.), and the bloodworms 
(Ckironomidae). There are also the worms {Anndida) which burrow in 
the mud and protrude their anterior ends, often also the common 
mussel {Lampsilis luUola), the Spkaeridae, and the mud leech {Haemopis 
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grandis). All of the animals of the silt formation burrow and prob- 
ably require little oxygen. 

Planorbis bicarinatus formation, or formation of the vegetation: 
Here we have for the first time the conditions which we find in ponds — 
a dense rooted vegetation. With such a growth of vegetation we have 
a very different fauna: a large number of aquatic insects and pidmonate 
(lunged) snails. Of these there are a considerable number of species 
which must come to the surface of air, both in the adult and the young 
stages. The most important of these are the bugs: water scorpions 
{RanaiTafusca), the creeping water-bugs {Pelacoris femoratm), the small 
water-bug {Zaitha jiuminea), the water-boatmen {Corixa sp.), the still- 
water brook beetles or pamids {Elmts quadrinoitUus), several species 
of predaceous diving beetles {Dyliscidae) (99c), and water scavengers 
(Hydropkilidae). The pulmonale snails are Physa inlegra, Planorbis 
bicarinatus (Figs. 62, 63), and often species of Lymnaea. 

Where the bottom is not too soft we often find numbers of viviparous 
snails iCampdoma) and an occasional mussel (Anodonta grandis). The 
crustaceans are dbtinctly clear- water forms: the crayfish {Cambarus 
propinquus) (loi), the amphipod (Hyaldla knickerbockeri), and the 
brook amphipod {Gammarus fasciatus) (loz). 

The gilled aquatic insects are the May-fly nymphs (Caenis and 
Callibaetis sp.) and the damsel-fly nymphs {Iscknura verticalis) and 
dragon-fly nymphs (Aeschnidae and LibeUuIidat). To practically all of 
these the vegetation is necessary as a resting-place or clinging-place, or a 
place to enable them to creep to the surface to shed the larval skin and 
become adult. 

Variations of the formation: The Fox h fairly representative of 
base-level rivers beyond the reach of tide-water except perhaps that the 
presence of gravel and sand in this stream may not seem fully in accord 
with this statement. There are, as has been noted, rivers near Chicago 
in which these conditions, which go along with old age in a stream, are 
still more marked. The lower Deep River is perhs4)S a good example of 
this. It is very sluggish and the bottom in the vicinity of Liverpool, 
Ind., is, so far as we have been able to ascertain, entirely covered with 
silt, with considerable humus mixed with it. The margins are peaty. 
The Calumet and the lower Black are similar. In these, sand and 
gravel areas, and animals which inhabit them, are reduced to a mini- 
mum and the silt and vegetation associations are better developed. 

Characters of the formation: The vegetation formation is distinct 
and dearly marked oS from all others. The animals are dependent upon 
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the vegetation for support. The adult aquatic insects must creep to the 
surface of the water to renew their air. The forms that have gills are, 
at least many of them, dependent upon the vegetation for crawling to 
the surface to molt the old skin. The crustaceans are forms that cling 
to the vegetation and the snails must come to the surface for air. Doubt- 
less this formation should be divided into strata, but our data do not 
justify such division. 

III. Special Streaic Probleus (103, 92) 
The first special problem is that of the rehitions of animals to seasonal 
changes, to changes in volume of water, amount of silt, shifting of bottom 
materials, and the seasonal aspects of the vegetation. The second prob- 
lem of streams is the historic or genetic, which includes the phenomena of 
the origin of the animals of the stream, their mode of entrance, and the 
effect of rejuvenation, drowning, etc. 

I. SEASONAL CHANGES 

Streams are more strikingly affected by rainfall and drought than are 
any other of the aquatic habitats. In extremely dry years streams dry 
up in the rapids where they have perhaps not been dry for a century. 
Floods change all the landmarks of the stream bottom and often scatter 
the animals of the stream over the flood-plain. 

a) Floods.— ^e found at the side of the high bank of the stream 
where the water is quiet at low water, the Johnny darter {Baleosoma 
nigrum), the little pickerel {Esox vermiculatus), the tadpole cat {Sckil- 
beodes gyrtnus), the crayfish (Camharus virilis), and an occasional 
Bydropsyche. Here were also an occasional sphaerid moUusk and one 
or two leeches. 

Caught in a mass of driftwood behind the roots of a tree were case- 
bearing caddis- worms (Phryganeidae), the black- winged damsel-fly 
nymph (Calopteryx macultUa), the larvae of the black fly (SimUtum sp.), 
and two species of May-fly nymphs (one Hepiageninae). The last two 
belong to the swift water, the others to the still water or the pools. 
During floods the still- water fauna and the swift- water fauna become 
mixed in the stiU places. 

At the time of our study there was a growth of rank weeds on the 
flood-plain. While the stream had been swollen for a long period and 
had stood higher than at the time of observation, little or no invasion 
of these weeds by aquatic animals had occurred. Animals evidently 
react negatively to such bottom and vegetation. 
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We have had but little opportunity to study the swift-water forma- 
tion during floods, though some of the riffles in Butterfield Creek have 
been studied when the stream was bank full, but no marked changes 
were noted. It b obvious that the extreme floods which move large 
stones crush large numbers of swift-water animals. 

b) Droughts. — ^There was an unusual drought in the autumn of 1908. 
The data on the distribution of fishes in Glencoe Brook and County 
Line Creek were coUwted before this date (Fig. 67, p. in). Table XVI 
shows the arrangement after the drought. 

TABLE XVI 
Showing the Effect of Droocht on Fishes 
The localities i, 1, 3, 4 are indicated on the maps of the North-Shore Streams 
(Fig. 67, p. III). P— before drought. 'P— after drought. 
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County Line Creek was entirely dry except the pool nearest its 
mouth ID September, 1908. This is locality 4 in Fig. 67, p. iii. 
The following spring was one of normal rainfall. The fish proceeded 
upstream a distance of ordy three rods. This partially restored the usual 
arrangement. If this represents the rate, the fish proceed upstream 
slowly. Glencoe Brook has not recovered its fish. 

As evidence of upstream migration of MoUusca, the following seems 
to be important. Frequent examination of a section of the North 
Branch of the Chicago River at Edgebrook, between 1903 and 1907, 
showed that Pleurocera etevatum and Campeloma occur in this stream. 
Plcurocera was not found during this period (ending November, 1907) 
above a certain point. Campeloma was found only sparingly above 
this point. The spring of 1908 was one of heavy rainfall and the 
streams were in flood from April to June. On July 6 the snail 
Pleurocera was found in numbers one-fourth of a mile farther up- 
stream than formerly. Campeloma had gone nearly as far. The sea- 
son from November to April was not different from other seasons 
and there is no reason to assume that the migration began before the 
^ring floods. If this is true the snails could make their way toward 
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the headwaters at the rate of at least a mile per year, if they were intro- 
duced into a large stream. This must be a response to both water 
pressure and current. The small value of such single observations b 
recognized but they are presented here because the opportunity to secure 
such data is small. In this river there are also notable relations between 
especially dry seasons and the distribution of other animals. The 
season in which the riffles were dry (October 31, 1907) the pools presented 




The Tkansvekse Distribution op Snx.AU AmuAis 
Fig. 64. — Shows the form of bottom and size of bottom materials in a cross- 
section of the Nortb Branch of the Chicago River, a-^, natural size (original). 

a, a, burrowing May-fly nymph {Hexagetiia sp.). 

b, small bivalve (Sphaerium stamintum), tno individuals, two views. 

c, viviparous sntul {Campelonut intepuwi), seen from two sides. 

d, the long river snail, young and full grown {Plturoctra elttatum). 
Fig. 6s- — Cross-section of the stream with reference to a curve. 

an unusual aspect. The standing pools were choked with water-net. 
The minuter forms, such as protozoa and flatworms, were present in the 
greatest profusion. Hydra was abimdant. All this is in marked con- 
trast to the conditions which one finds when the stream is running. 

The season following the dry rifBes, we found small Hydropsycke 
larvae, and a few young stone-fly nymphs. The only forms present were 
those that could be introduced by terrestrial, egg-laying females. 
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In the autumn of 1906 Professor Child found that the May-fly and 
stone-fly nymphs were not present m the rffles but were present in the 
moderately swift and more quiet parts below. The spring of 1906 was 
a dry spring and the females probably laid their eggs in the moderately 
swift instead of the preferred swift water. The distribution is deter- 
mined by the conditions at the time of egg laying. 

We note that even in the lai^r streams the weather conditions 
affect the presence and absence and abundance of animals. The mores, 
however, remain essentially the same. 

2. TRANSVERSE STUDIES 

Cross-section studies of streams are of interest as showing a hori- 
zontal arrangement of forms belonging properly to different formations. 
This is best illustrated in the cross-sections of curves where there is a 
horizontal gradation of current and in the size of material of the bed. 
Figs. 64 and 65 illustrate this. The burrowing May-fly nymph, belonging 
to the silt, is in the finest materials of the inside of the curve; passing 
toward the center of the stream we next encounter the sphaerid (Sphae- 
Hum) and a little farther in the snail {Campeloma integrum), with it often 
mussels (Anodontoides ferussacianus); and stUl farther into the stream 
we find, clinging to the larger stones, the long snail (Pleurocera elevatum). 
While depth of water may be a factor here, the size of bottom material 
is of first importance. 

3. LONGITUDINAL STUDIES 

(Figs. 66, 67, 68, 69) 

If one passes from the headwaters of a stream to its mouth, he will 
usually find either the spring brook formation or the intermittent 
formation in the upper course, the swift-water formations in the middle 
course, and the sluggish stream or river formations in the lower course. 
There are very numerous variations of this and several of them deserve 
comment. Large streams with a large drainage area and much sedi- 
ment, and with much of the upper part in a young stage, are subjected 
to many changes in the lower courses, such as silting-up at the end of the 
flood periods and washing out later. Tkis often prevents the development 
of the vegetation formation and favors the shifting sand and gravel formations. 

a) Rejuvenation, ponding, and retarding of erosion. — Streams are 
often dammed by some obstruction m their mid course, or erosion is 
checked at a point by a hard stratum, or the stream which has reached 
base-level is rejuvenated by a lowering of the water level at the mouth. 
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The obstruction of the hard layer encountered always produces local 
swift water. Above this the water may be sluggish and the area reduced 
to the general level of the obstruction. In the case of rejuvenation the 
head of erosion proceeds upstream ; the part of the stream above the point 
to which erosion has reached is sluggish and is sometimes called the pre- 
erosion stream. 

Of the rivers and creeks which we have considered, nearly all the 
larger ones are sluggish or pre-erosion in their upper courses. This b 
true of the DesPlaines, which is held in this condition largely by rock 
at Riverside. Hickory Creek (Fig. 66) is also of this type, the head of 
erosion being at Marley. In passing from source to mouth of such a 
stream we find formations arranged as follows: In the upper sluggish 
courses of all the streams mentioned we find (i) sluggish creek or 
river formations, (z) chiefly swift-water formations below the sluggish, 
(3) chiefly gravel bottom formations below the swift-water formation, 




Fig. 66. — Diagrammatic profile of Hickory Creek: ^, sourcci S.mouth; C.head 
ot erosion; D, rock outcrop. The figures below refer to the columns in Table XXI 
and represent parts from which fish were cdlected. 

and (4) typical sluggish river formations farthest downstream where 
the vegetation, silt, and sand formations are arranged much as in 
the Fox River. 

Tables XVUI, XXI, and XXII and Figs. 67-69 show the longi- 
tudinal distribution of fishes In six streams. A few moments' study and 
comparison of these tables will make the following facts evident: 

a) The only species in the youngest stream of the North Shore 
series is at the headwaters of all the others. 

b) The species found in County Line Creek are found in the same 
order in the upper courses of Pettibone Creek and Bull Creek; additional 
species are found farther downstream in the larger streams. 

c) The same species are at the headwaters of Thom-Butterfield and 
Hickory creeks and in the upper courses of the North Shore streams. 
Other species are with them. The species of the North Shore streams 
are crowded together in these large streams which have permanent 
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deeper water at their sources (due to springs) and in which the graded 
series of conditions found in the North Shore streams is wanting. 

d) The swift-water fishes begin markedly at the head of erosion in 
Hickory Creek. 

e) The fish communities differ as to species where the conditions 
are very similar, for eicample, in Thom-Butterfield and Hickory creeks. 
The general habits of the fishes are the same. 

/) Larger fishes are found in the larger water course and in the down- 
stream portions of the smaller streams. 

g) Fish, when entering a stream, go upstream to a point suited to 
their physiological constitution, regardless of its physiographic mode of 
origin. 

4. GENETIC ECOLOGY OF STKEAHS 

Several years ago Adams (103) pointed out that the dispersal of 
aquatic animals is determined by the shifting backward of the head- 
waters and other conditions in streams as erosion proceeds. The forms 
that are in the young streams are moved back as the headwaters are 
moved back and as the river system spreads out into the usual fan shape, 
the animals that belonged in or near the headwaters move backward as 
the conditions migrate backward. In a. broad geographic way this is 
unquestioned but details may be studied in the small streams of the 
bluff between Glencoe and the Wisconsin state line. 

Fish are the only strictly aquatic forms in these streams that might 
not have entered by some other method than through the mouth of the 
stream. We have made a study of the fish of these streams for the pur- 
pose of determining whether the fish in the headwaters of the large 
streams are the same as the fish that are found in streams that are just 
large enough to have a single fish species, and the relation of the animals 
to stream development. The changes in animal communities which 
take place at one point are called succession. 

a) Ecological succession. — Ecological succession is the succession 
of ecological types (physiological types, modes of life) over a given point 
or locality, due to changes of environmental conditions at that point. 
From this point of view we have nothing to do with species, except that names 
are necessary. However, we may speak of the succession in terms of 
species whenever their life habits {mores) are not easUy modifiable. 

Succession always involves all the animals of a community but it is 
often easier to discuss the changes which take place with respect to one 
group, such as the fishes. It is always to be understood that with changes 
in the fish communities there are similar changes in the communities of 
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Other animals living with them. To illustrate the succession of fish in 
streams we shall consider succession of fish in the North Shore streams. 

b) ShOemetU of ectdogkal j«cc««i7n .^Succession is a reconstruction. 
Here it is based on the superposition of all the fish communities (Fig. 67) 
over the oldest part of the oldest and largest stream. To make this 
dearer we will state, with the aid of the diagram (Fig. 69), the succession 
of fish in Bull Creek. This succession will be considered as taking place 




Fig. 67 .—Diagrammatic Birangement of the North Shore streams. Thestieams 
are mapped to a scale of one mile to the inch, and the maps are placed as closely 
together as possible in the diagram. The intennediate shore-lines are shown in broken 
lines which bear no relation to the sbore-liaes which exist in nature. Toward the top 
of the diagram is west. Each number on the diagram refers to the pool nearest the 
source of the stream which contains fish, as follows: i, the homed dace {SemotUut 
olfOMoeulattii); 1, the red-bellied dace (Chrosamus erylhroiosUr); 3, the black-nosed 
dace (Rkiaidiiiys alronasus); 4, the suckers and minnows; ;, the pickerel and blunt- 
nosed minnow; 6, the sunfish and bass; 7, the pike, chub-sucker, etc. The bluS 
referred to b about 60 ft. high. Thestippledareaisaplain just above the level of the 
lake (see Table XVIII). 

over the oldest part of the portion of Bull Creek which lies back of the 
bluff and higher levels of Lake Michigan. This is the point designated . 
as 5. (Table XVIII and Figs. 67 and 69 should be before the reader.) 
AVhen Bull Creek was at the stage represented by the first stage in 
our diagram (which is represented by the present Glencoe Brook), its 
fish, if any were present, were ecologically similar to those now in Glencoe 
Brook in their relations to all factors except climate. This ecological 
type is represented by the homed dace alone. As Bull Creek eroded its 
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bed and became hypothetical stage C of the diagram, the 6sh community 
of stage I was succeeded by a fish community ecologically similar to the 
fish communities at the localities marked z in Fig. 67. The fish now eco- 
logically representing this community are the homed dace and the red- 
bellied dace. The community of the single species, the horned dace, 
had at such a period moved inland to the point where line i-i (Fig. 69) 
crosses the curved line representing the profile of hypothetical stage C. 
As erosion continued, the fish community ecologically represented by 
the homed dace and red-bellied dace moved gradually inland and was 
succeeded by a fish community occupying the mouth of hypothetical 
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Fic. 68. — A diagram showing the successive stages in the profile fgeneral shape 
of the bottom) of a very young stream, curved lines, A--B, A-C, A-D, A-E, A-F, 
A-G, AS rcpreseDtiog the succesdve profiles. The uppermost horizontal line 
represents the surface of the land into which the stream is eroding. The horizontal 
line with the arrowheads indicates the migration of the source of the stream and 
accordingly of similar stream conditions. The vertical line with arrowheads when 
followed downward passes through a succession of stream conditions and represents 
physiographic succession at the locality B. The point ^ is the mouth of the stream. 
Oppodte this are shown three successive sizes of the stream, and therefore succession 
at that point. 

stage D, ecologically similar to that now found at the point 3. This is 
r^resented by the three daces and the Johnny darter. 

As the hypothetical stage D eroded its bed and became stage £, 
which is represented by Coimty Line Creek, fish community 3 was then 
succeeded by a fish community ecologically similar to the fish community 
now present at point 4. This is ecologically represented by the three 
daces, the Johnny darter, and the young of the common sucker. The 
fish commimities designated as i, 2, 3 have meanwhile moved inland and 
are arranged in the order which their ecological constitution requires. 

The continuation of the process resulted in displacing a fish com- 
munity ecologically similar to the fish community 4 by a fish community 
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ecologically similar to the present fish community 5. This is repre- 
sented in the lower waters of Bull Creek — stage F. 

Ecological succession is one of the few hiological fields in which pre- 
diction is posMble. We may carry this discussion a little farther. We 
have noted that the developing streams continue to erode their beds, 
grow larger, and bring down the surface of the land. These processes 
have not stopped in Bull Creek; it will become lai^r, contain a larger 
volume of water at the locality 5, and the fish community of locality 5 




Fig. 69.— This figure is based on Fig. 68. The profiles of the streuns shown 
here are separated verticaUy at the mouth. The curved lines represent seven stream 
stages as follows: B, Glencoe Brook; C, hypothetical stage; D, hypothetical stage; 
E, County Line Creek; F, Fettibone Creek; G, hypothetical stage; H, Bull Cceck- 
Dead River. The hypothetical stages could, no doubt, be found along the shore of 
Lake Michigan; the difficulty arises from the introduction oF sewage into so many 
streams. 

The comparative size of the mouth of each stream stage is represented by a stream 
cross-section at the right. The direction of reading in succesvon k indicated by the 
vertical line with the arrowheads pointing downward. The oblique lines marked 
1-1, 1-2, 3-3, etc., pass through points in the stream profiles which are in the same 
physiographic condition and occupied by similar fish ci 



will be succeeded by a fish community ecologically similar to that now 
at locality 6. This stage has been designated as hypothetical stage G 
in the diagram. With a further continuation of the process, the fish 
conununity of stage G, locality 6, will be succeeded by a fish community 
ecologically similar to that now found at the locality 7 (Dead River) — 
stage H. The communities of every stream have some such history as 
we have reconstructed, but the details may be modified by conditions. 
That branch of ecology which deals with such histories is called genetic 
ecology. 
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TABLE XVn 
DiSTKiBnnON of Ikvertebrates in Norte Shobe SntEAiis 
The meuiing of the numbers is shown in Figs. 67 and 69. (i->Tempo»ry pool 
r); i— Very young stream and iotennittent riffles (ephemeral eaiuociei). 



CmuBOfl Nune 

Caddis-wonn 

Mosquito larva 

Amphipod 

Isopod 

Snail 

Crayfish 

Black'Qy larva 

May-fly nymph 

Crayfidi 

Burrowing dragon-fly. 

DragoD-fly nymph.. . . 

Amphipod 

Snail 

Crayfish 

Crayfish 

Crane-fly larva 

AmpUpod 

Snail 

Diagon-fiy nymph.. . . 



SdtDtiSc Nunc 

Pkrytantidot 

Anophtks 

Euerangonyx paaiU 

Astlius communis Say.. . 
Lymtutea nmdiceUa Say. . 
CattAarus diogeitez Gir . . 

Sf'mWium sp 

Heptaieninae 

CattAanu UtMdingi 

actOtis Girard 

CorduUiotler Miquiu 

Aciclma cotislricta Say.. . 
Gammarui faieialus Say. 

Phyia gyrina Say 

CattAarus virilis Hag . 
CamboTus propinquui Gir 
Pedicia aibivitta Walk 

(rarely) 

ByaleUa knickerbocieri 

Bate 

Plancrbit campanulalus 
,S.y 

s«y 
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TABLE XVUI 
Showing the Distkibution of Fish (Nokenclatuse after 79) 1 
Sboke Strbahs at tee Tikes Indicated 
(The numbers reter to Figs. 67 and 69) 

! uid ScknliGc Ntme 

GlencDC Brook August, 1907 

Honied dace SepiolUus oiromaculaiui.. 

County Line Creek 1907-8 

Horaed dace Semotilus alroiHOCulolus.. 

Biack-noscd dace I Rkinichthys atrenasui . . . 

Johnny darter ! Bakcsema nigrum 



Blackhead minnow . . 
Blunt'ikosed minnow . . 

Common sucker 

Pettibone Creekt 

Homed dace 

Red-bellied dace 

Black-nosed dace 

Johnny darter 

Common sucker 

BuU Creek-Dead River. 

Homed dace 

Red-bellied dace 

Black-nosed dace .... 

Common sucker 

Blunt-nosed minnow . 

Little pickerel 

Bluegill 

Lorge-moulbed black bass 
Pike., 

Red-horse 

Chub-sucker 

Golden shiner. . . . 
Common shiner. . 
Cayuga minno* . , 
Tadpole cat 



PimtpkaUt promdas 

PimcphaUs notatus 

CalostoMui eommtrsonii . . 
S^tonber, 1909, and April, 

Semotilus atromacahius . . 
CkrosoiHus tfythrotatttr. . . 
Rkinichtkjs atronasus. . . . 

Boleosoma nigmm 

Caioslomus commerionii, . . 
September, 1909 
Semelilus alrenmculatiu,. . 
ChrosoMus eryllmgailer. . . 
Rkinichthys atrtmasMs . . . . 
CalojtoiHuscommerionii,. . 

Pitmpkalei notatu! 

£101 vermUulottu 

Upomis paliidui 

UicrepUrus salmoidcs .... 

Eaex Ittcius 

Pomcxis amudorii 

Moxostema aurealum 

EfimyioH suceUa 

Abramis crysoUntas 

Sotropis comutut 

Nalr»pis Mytiga 

SckUbtedts fyrituts 



tTbe lower put of PettibMH Creek bi 



Note.— Table XDC follows Table XX. 
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TABLE XrX 
Anuals of Spbings and Spbdig Bkooks 
The meaoing of the letters in the column headed "Location" a as loUows: 
Cs— Cany spring; Gs—Gaugais spring; Zs—Zion spring; Sb^Suman spring brook; 
Cb — Caiy spring brook. 






Sdcntific Nune 






Amphipod 

Planarian 

Plonari&n, ...,-.. 
Dragon-fly nymptt 

Midffc larva 

Black-fly larva 

Caddis-norm 

Hidge larva 

Fly larva 

May-fly nymph. . . 

Bivalve 

Amphipod 

Crayfl^ 

SnaU 

Damsel-fly nymph. 



Gammanu faicialus Say 

Planaria doralaeepkaia 

Dendroeotlum sp 

Aeschna sp 

Tanyfius ap 

Simiuiutn ap '. . . 

Hydfopsycke sp 

Chiranomus sp 

HepUitenia 

Musciiium 

Ettcrangonyx gracilis Smith . , 
Caviharus propinqims Gir . . . . 

Pkysa gyrina Say 

CaUfttryx macutata Beauv . . 
Elmis faitiditiii Lee 
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TABLE XXI 
Tkc DtSTUBunoN 07 Fish (Nohenclatube atixk 79) in Hickoky Ckzek (and 
Its West Bbanch) in the SuiofXR or 1909 
Those itaxTcd were in the pool nearest the Houice. I, the fint mile of the stieun, 
■neasuied from the fish pool neucst the source, toward the mouthi II, the third uid 
fourth miles; m, at the head of ennian, five miles fnm the pool neuest the source; 
IV, sii miles from the pool nearest the soiuce; V, nine miles from same; stream much 
larger with good riffles and one weedy cove. 



ComnoaNme 

Homed dace* 

Golden shiner* 

Johnny darter* 

Stone-rolkt* 

Stnw-ctdored miDnow*. 
Blue-spotted sunSsb* . . 
Blunt-nosed minnow. . . 

Common sucker* 1 

Mud minnow I 

Top minnow 

Red-beUied dace 

Chub-sudtei I 

Black bullhead 

Blackfin 

River chub 

Fan-tailed darter < 

Rainbow darter 

Least darter 

Sucker-mouthed minnow. 

Rockbaas 

Common shiner 

R<MV-faced minnow 

Banded darter j 

Blue^U I 

Long-cared sunfish 

Stonecat 

Vellow perch , 

Small-mouthed black bass 

Hogsudter 

Common red-hone 



SdeMl6cN*» 

SemotUus atromaetihlus . . 

Abramit erysoltttcat 

Boltosoim nipum 

Camfosloma OHomalum . . . 

Nolropit biemnut 

Lepomis eyondhu 

Pimefhaks notatta.. . . . . . 

Catoitomiu cfMMcramti. . . 

Umbra limi 

Ptmduliu ttolatus 

Cliroiomui erythrogatltr.. . 
Erimyton sttetlUl 

Nolropis umbratiiis 

Hybofiit Kenli4eltitHtis . . 

Etktetloma SabtUan 

Etheesloma coemkmm. . . . 
Mkroftrca pwKtidaUt.. . . 

Pkettacobiiu mirabtiU 

Netrepis eoyuga 

AiiM«pliitt rupulns 

NotropU cemutiu 

Notropii ntbri/roHS 

Elhtoslcma tmuk 

Lepomis paUidm 

Lepoiim nugalolit 

NoluruiJUtna 

Pereajfatuceiu. . 
iikrofUnu dehn . . 
Calottomus nitrkatu. . 
MoxosUtma ouneium . . 



II I III 



IV I 



i i 
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TABLE XXn 

The Fish (Nokenciatuse aftek 79) or Thobn Creek, CoLLEcnoN Made at the 

Headwaters in 1908 akd 1909 and at Other Points in 

1909 AND 1910 

A~tbe fint fith pool; B~four miles dovnutRun; C~teD miles doHDStKain, 



CoBDUfl Nrnnw 

Horned dkce 

Blunt-nosed minnow 

Blue-qK>tted sunfish 

Stone-roUer 

Banded d«rtcr 

Commoo ihiner 

Stiiped-top minnow 

Bladt-sided darter 

Johnny darter 

Mud minnow 

Cayuga minnow 

Goldoi shiner 

Laige-moutbed bbdc basa . 
Small-mouthed black bass , 

Blu^ 

CrapfHe 

Pirate perch 

Yellow perch 

Caip 

Black bullhead 

Common sucker 

Sboit-headed led-hone.. . . 
Pike 



SemotOui atromofuiottu . . 

Pimeplmies nolalut 

Lefomis cyandlus 

Camfosloma an«matum.. . 

Notropit umbra^t 

EiluotUmtt tomtit 

Notropii comtUul 

PundiUut ditpar 

Hadrofteras aspro 

Boleosotita ntfmm 

Umbra UnU 

Kotropis cayiifa 

Abramis crysoUucas 

Micrapteras zaimoidei . . , 

Mkraptertu dehmi«u 

Lepemit pMiiu* 

Povoxis sparoidei 

Apkrcdodirus soyanut. . . 

Ptrca fimesctns 

Cyprinus coTpio 

AmtiuTia ittdas 

CatostoMtts connHtrtimH. . 
Uoxosloma breviceps. . . . 
Etax lucitit 
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TABLE XXm 
AimuLS or the DbsPlaimes, Chicago, and OuPagb Rnmes 
The DieuuDg of the letters in the colunm biaded "I«catioa" is «s f<^wi: 
L-Libertyvme(still-«lt); W-Wbeeling (mud-gnvd); D-DuPage; R-Rjvenide 
(■wift-stOKs). UbertyviUe is the farthest upstream, and the other situAtkHis fcdlow 
in the order named. C^Chicago Rivei at Edgdiiook, which ii added without 
Rgard to longitudinal order. 



Cmmiwii Suae 

Crayfish 

Snul 

Dnuon-Sy t^mph. . 

SoMa. \'.'.'.'.\V.\'..'.\ 

Cnyfish 

Crayfish 

Uussel 

Mussel 

Mussel 

Mussel 

Bivalve 

Snaa 

Mussel 

Snail 

Snail 

Sd^ 

Mussel 

Snail 

Snail 

Stone-flies 

Amphipod 

Cadilis-wonn 

Isopod 

Dunael-fly nym^ . . 

Dytisdd 

Newt 

Pamid 

Caddif 
Leedi. 

Caddifr-wonn 

Salid 

Sphurid 

Butiowing dragon-fly 
nymph 



ScKntific Nubs 

Capibarvs firilit Hag. 

Lymmaea ktumiis modk^la Say 

Batialtdmaiaiiata Say 

Ancylus lardut Say 

Ancyhu rimlarU Say 

CoMiortM pn>fiitqn¥t Gir.. 
Cafoionu 4iog«nei Gir. . , . 

Anadonta pandis Say 

AHodtntoiia fenusocianui La 

Qiwdrub itndtdala Bar 

Lamfsiiii iuleola Lam 

Muscidiitm Inutcalmm Lins. . . 

GoitMoHs livuetnt Mke 

Alasmultmia calceola Lea. . . . 

Amnicola Umoia Say 

Planorbit bicariHotut Say 

Fkytagyrina Say 

Lamfnlit tUittifonm 
Plearocera subulart it 

Ant 

Fleurottra dttatum Say 

Petia to 

CoryioUt comtUa Linn 

Hyaidta kmiekerboduri Bate. . 

Hydroptyeke 

AseBat commums Say. 

Hydroporutwttalus'LK. 

Ditmutyltu tiridattm Rai. . . 

PhimaUlia sp 

Elmis 

S^ieofsyckt sp 

Hatnutlt tnuidit VerriU. . . . 

Pkryfiuieidae 

Sialis sp 

Sphatrium ttamintum Con.. . 

Comphus tnUi Se^ 






I ^ 
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TABLE XXIV 

OF THE Caluuet-Dekp Rivek. Abkanged in Obdek or LoNGiruDiXAL 

SmxEssioN Becinninc whh the Upper Pakts op the 

River at Aihswokth 

The letten indicate place of coUectitm. A-'Ainswortli; G— East Gary; 

9ouUi of MiUer, in the Little Calumet; andC-Cluk.in the Gnnd Calumet. 



ConunoaNuK 


ScKDtjfic N.<H 




Ua 


lion 






Quadrula undulala Bar 


A 
A 
A 
A 

A 


G 
G 
G 


M 

M 
M 
M 
M 
M 
























M..«.l 










c 
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TABLE XXV 
Akimals rsOM a Sldgcish Poxtion or Fox Rivek 
The meaning of the letters in the column be&ded "Location" is as follows: 
Gmogravel in mid rirei in eight feet of nmteri G=gravel near shore; S*<aBnd; 
M— mud or silt; V— vegetation. 



Snail 

Mussel 

Red midge larva , . 
Green midge larva.. 

Caddis-worm 

Polyzoan 

Dr«gi»i-dy nymph . 

Crayfish 

Sn^ 

Snafl 

Mussel!!!!;!'.!;; 

May-fly nymph. . . 

Fly larva 

May-fly nyroph. . . 

Amphipod 

May-fly nymph. . . 

Beetle 

Sialid tarva 

Snail 

Water-boatman. . . 
Water scoriHon.. . . 

Amphipod 

Bug. 

Creeping bug 

Back-swimmer 

DragoD-fiy nymph. 

Leech 

Top minnow 

Snail 



GonUbasis tiiesctns Mke . . 
lifM^Mla tfondii Say. . . . 
LampsUU ligammiina Lam 



Lampi 



Chironomus . . . 
Ckirettomut . . . 
Hydropsyche. . 
Plutnaidio. . . 
Macrotma laenhlaia Ram. 
Car^anu propin^mtt GaJ 
Campeloma ititegrum DeK. 
Phureetra tltvatum Say. . . 

Unie gibbottu Bar 

QuadruUt rubigimisa Lea . . 
Lampsilis luteola Lam.. . . 



Sttatiomyio sp 

Cailibaetis sp 

Syaldia Imickerhoehtri Ba. 

Caenis sp I 

Donacia I 

CHauliodu sp I 

Physa mteffa Hald | 

Corixa sp | 

RaruUra fusca Beau ! 

Gammarfis fasciatus Say . . 

Zatika fiuminea Say 

Elmis 4-twlatits Say 

Petocaris fttnoratus Pal 

yolonecta variabilit Fieb . . 
Iscknura verikalit Say. . . . 
(Hosiipkonia fusea Castle . 
Pundulvs diaphonut 
mtnona J. and C. . 
Planorbis bkarinatus Say . I 
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CHAPTER VII 

ANIMAL COMMUNITIES OF SMALL LAKES 

I. Introductioh 

Lakes are difficult to classify or the basis of animal relations. This 
is because size, shape, exposure to wind, depth, and age are all important 
in determiaing conditions that affect animals. A classification into 
coastal lakes and marainic lakes will serve our purposes best, because, 
other things being equal, it represents age and depth (near Chicago). 

Morainic lakes are depressions in the moraine due to irregularities of 
deposition, which stand below ground-water level. They are of various 
sizes. We shall apply the term lake only to those bodies of water that 
are large enough to produce an area of at least a few square rods of 
sandy shore, which supports gilled snails, mussels, etc. The principal 
lakes included in our area are shown on the map facing p. 52. The 
largest of these are the Fox, Pistakee, Maria, and Grass lakes in northern 
Illinois; Hudson, Cedar, Stone, and Flint lakes in Indiana; and Paw 
Paw and Pipestone lakes in Michigan. The only coastal lakes of any 
size are Wolf Lake and Calumet Lake. These are located in the old Lake 
Chicago plain. 

I. CONDITIONS IN LAKES 

Depth is inqwrtant in determining the conditions at the bottom, but 
is of little inqiortaace to the other parts of the lake. Little is known of 
the depths of our lakes. Exposure to wind is of importance in affecting 
the waves and circulation of the water (see p. 61), both of which are 
important to animals. A lake well protected by high hills will be likely 
to be less affected by wind than others. Shape is also a factor. Long 
lakes whose long axes are paraUel with the direction of the prevailing 
winds are more strikingly affected by the wind than those with the long 
axis at right angles to the wind. 

Waves are never large on small lakes, but are usually effective in 
determining the kind of bottom by controlling erosion and deposition. 
The general circulation of all our lakes has not been studied. On 
account of their small size it is probable that the deeper ones at least 
have an incomplete circulation like that indicated in Fig. 11, p. 61. 
Those that get warmed throughout in summer probably have a complete 
circulation. The dissolved content of the waters of lakes is usually 
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similar to that of the large lakes and rivers. Oxygen is usually abundant 
in the surface waters, hut is often wanting in the hottoms of lakes (74) 
with incomplete summer circulation. Muck bottoms in deep water 
or in bays have little or no dissolved oxygen. Dissolved nitrogen is 
important, hut has been little studied. In the open water light and 
pressure are governed by the same factors as in the large lakes (see 
^. 63-64). The bottom in small lakes varies with exposure to waves. 
Where the waves are eroding, the bottom is stony or sandy ; where deposit- 
ing, it contains silt and humus. There are often deposits of marl, which is 
a calcium carbonate deposit, frequently reaching a depth of 18 feet in the 
Indiana lakes. It frequently reaches- to the surface of the water,' but 
when it does so is often covered by muck. Muck bottom is common in 
the deeper water and in bays. The vegetation in such lakes is very much 
like that in base-level streams. The vegetation of the shores of rivers 
like Fox River is duplicated in these lakes, and in fact, small lakes are 
strictly comparable to sluggish rivers in many respects. We have 
patches of vegetation, patches of sand and gravel bottom, hut also much 
bottom which has more organic matter than river silt. The principal 
difference is that currents in the lakes vary with the wind, and in sluggish 
streams are mainly in one direction. 

II. CoyHUNITIES OF SMALL LaEES 

(SUtions 30, 30fl, 31 ; Table XXVI) 
These are divided into the limnetic formation, the formations of 
sandy and stony shores, the formations of muck bottom in shallow 
water, the formations of the vegetation, and the formations of deep 
water (anaerobic). 

I. THE LIUNETIC FOKMATION (104) 

(List H) 
The limnetic formation of the smaller lakes is very similar to that of 
the larger lakes. It is made up of the same groups, but with the addition 
of a few pelagic insects such as the phantom larva {Corethra sp.). The 
species of crustaceans, rotifers, and protozoa are different. The char- 
acters of the formation are similar to those of Lake Michigan (p. 75). 

2. SHALLOW WATER FORMATIONS 

a) Terrigenous bottom formation (105). — Vegetation sparse or absent 
— water 0-3 meters. Crawling over the sandy bottom are usually found 
caddis-worms {Goera sp. or ifolanna sp.) (Figs. 70, 71). These forms 
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belong to difiEerent families, but have similar cases and similar habits. 
This is a good example of what is meant by mores. The forms are very 
different, but their mores are similar. The Jobimy darter, the straw- 
colored mimiow (Fig. 72), and the blunt-nosed minnow are usually 
found (105) in the shallowest water. The Johnny darter, the blunt- 
nosed minnow, the miller's thumb, and probably other minnows breed 
in these situations (105, 106). Crayfish are common here (in Wolf Lake, 
Cambarus virUis). 

Snails (such as Pleurocera subulare [Fig. 73], and sometimes Goniobasis 

tivescens) are common on the shoals, crawling over the bottom which is 

always covered with diatoms, desmids, etc. These algae serve as food 

for the mussels. Miss Nichols 

found 16 species of algae on the 

shell of a specimen of Pleurocera 

taken from a Wolf Lake shoal. 

In the deeper waters (3 ft.) we 

find the same crayfishes and the 

same snails fewer in number 

than in the shallower parts of 

the shoals. Associated with 

them are the mussels (especially 

Lampsiiis luteola, Anodonta mar- 

ginata And grandis). Suchsandy 

and gravelly bottomed shoals in 

[-3 ft, of water arc especially 

important to the food fishes. 

There are many first-class food 

fishes in all such lakes. Of 

those in Wolf Lake seven breed 

in these shaUows. There are the large-mouthed black bass (Fig. 74), 

the bluegill, the pumpkinseed, the green sunfish, the perch (Fig. 75), the 

speckled catfish, and the crappie. Nearly all in making their nests 

scrape the bottom dear of all debris; the males guard the nests. The 

number of food fishes in a lake is related to the area of such shoals, which 

are accordingly of great economic importance and should be protected 

from destruction by the encroachment of vegetation and accumulation 

of debris. Associated with the fish are occasional musk turtles {Aro- 

mocketys odorata). Shoals are invaded by bulrushes and bare bottom 

may exist between them. Here the viviparous snail (Vivipara contec- 

toides) (Fig. 76) sometimes occurs. 



Fig. 70. — The ease of a caddis-wonn (Wirf- 
amta sp.), sandy bottom (Fox Lake, lU.) 
(origiDal). 

Fig. 71.— The same from below. 
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Representatives of the Bare Sand Community 
Fic. ji. — Straw-colored minnow {Notrepis bicnnius) (from Forbes and Rich- 
ardson}. 

Fig. 73. — Snail {Pleuroura subuiare) crawling over sandy bottom; slightly 
enlarged (photographed in aquarium). 

Fic. 74. — Large-mouthed black bass (Microplerus saimeidei), juvenile; natural 
size (original). 



„Goog[e 



ia8 COMMUNITIES OF SMALL LAKES 

Characters of the formation: The formation is distinctly dependent 
upon a clean bottom of sand or coarser materials, and is made up of 
creeping forms and those using the bottom as a breeding-place. 



Repkesentative Animals of the SuBMEkCED V 



Fig. 75. — Vppet &ati, the gieen sunhsh {Lepomis cyaneiius); lotrer hsh, the yellow 
perch (P«rco Jlfl»eje«»r) ; both juvenile; slightly reduced (original). 

Fic. 76. — A viviparous snail {Vivipara cotUectoides); natural size. 

Fig. 77. — A winter body or statoblast, of the gelatin-secreting polyzoan {Ptctina- 
k!h magttifica); 10 times natural size (original). 

Fig. 7S. — A shrimp (^Falaemoneles patudosus); twice natural size (original). 

b) Submerged vegetation association of the open waters. — A lake of the 
coastal type is separated rapidly from the larger body of water in con- 
nection with which it is formed, or a morainic lake, when the ice retreats. 
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is left with the greater part of its shallow water of the type which we have 
described. Vegetation is present from the first in the form of floating 
microscopic plants, and the dead bodies of these and of the animals 
present are swept into the depressions and protected situations where the 
waves do not drag on the bottom. Here vegetation grows in the greatest 
luxuriance and causes the production of more plant debris, which adds 
to that already in the protected situations. We then have, after a time, 
a covering of the bottom by the humus and conditions unfavorable for 
most bottom animals. The animals of the bare bottom shoals are no 
longer present in numbers. Small, apparently stunted forms of LampsUis 
luUola are found for a time, but are soon driven out by the increase of 
humus and vegetation. The early vegetation is made up of scattered 
aquatic plants, such as Myriophyllum and Elodea, and in the shallower 
water usually bulrushes. 

One of the most distinctive and characteristic forms of such lakes is a 
transparent true shrimp {Palaemonetes paludosus), about a inches long 
(Fig. 78), which b a dose relative of some of the edible marine shrimps. 
In spring they are found carrying numbers of green eggs attached to the 
appendages of their abdomens. Another common animal in these 
situations is the large polyzoan {Pectinaiella magnificat. .This is a 
colonial form which reproduces by budding in several directions. It also 
secretes a dear and transparent jelly. As the number of animals 
increases the amoimt of jelly increases on all sides and the animals are 
arranged on the outside of the more or less spherical mass of jelly; the 
necessary increase in surface for the growth of the colony is supplied 
through additional secretion by each new animal added. Some of these 
masses of jelly reach a size of 6 inches in diameter. They are often 
attached about a stalk of MyriophyUum as a center. In the autumn 
they form bodies known as statoblasts (Fig. 77), which are disk-shaped, 
the center containing living cells and the rim being filled with air-bubbles. 
The rim of the disk is supplied with hooks which catch onto objects. 
Probably they must be frozen before they will grow into new colonies 
for they do so only in the spring. 

Other characteristic animals of this open-water vegetation are 
shelled protozoa (Fig. 79), water-mites (Fig. 80), and ostracods (Fig. Si). 
On the stems of the water plants, such as bulrushes and pickerel weed, 
are the snails {Ancyltts) which belong to the lunged group, but are said 
to take water into the lung and thus do not need to come to the surface 
for air. Occasional snails, leeches, and midge larvae occur. Water- 
mites fasten their eggs to the bases of the aquatic plants. Among the 
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leaves of the divided leaved plants the midge larvae, damsel-fly nymphs, 
and May-fly nymphs {CaUibaetis sp.) are usually numerous. All these 
are important as fish food. This area is the feeding-place for a number 
of fishes. Those feeding in the vegetation are the subfishes, basses and 
perches, most of which breed on the barren sboals. With them are also 
the carp, the chub-sucker, the warmouth bass, the brook sUverside 
(Laitidesthes suxulus), and the buSalo fish (84). This part of the lake is 
also the favorite haunt of the turtles (107), such as the soft shell (Aspi- 
donecies spinifer), and in the parts with some bare bottom, tbe musk 




80 ^ Bior 

Fic. 79. — Shelled protozoan {Diffiupa fyriformis Perty.) (after Lddy). 
Fic. 8a. — \TeA-nutt:{Limnocharei aquaikus); 6 times natural size (after Wolcott). 
Fig. 81. — Doraal view of an ostracod (Cypridcpsis vidua); So times natural size 
(after Brady). 

Fig. 81a.— Tbe same seen from tbe side. 

turtle (Aromockelys odorata), and the geographic turtle {Grapiemys geo- 
grapkkus). The mud puppy {Necturus macvlosus) is also found in such 
situations {fide Mr. Hildebrand). The muskrat {Fiber sibOhicus) 
builds its nest (Fig. 81) in the shallow water adjoining these situations. 
The musk turtle frequently deposits its eggs on the nest in early 
siunmer (105). We have found them in these situations in the month 
of June. Various aquatic birds feed here (108). This formation may 
be characterized as belonging to the aquatic vegetation, but practically 



,y Google 



VEGETATION COiiUUMTlES 131 

all the species are relatively independent of the atmosphere and of the 
bottom. 

c) Emerging vegetation associalion of bays. — Such situations as are 
occupied by this association are found in bays and protected situations in 
the larger lakes and represent a stage which is last in the history of a 
lake. Water-lilies, water buttercups, and Myriophyllum are the prin- 
cipal plants. Filamentous algae are usually very abundant. Logs, 
sticks, and pieces of wood are not uncommon. 

On the under side of logs, we find such forms as the polyzoan 
(Plumalella) and sponges (SpongUla sp.). On the under side of the water- 
lily pads are usually numbers of Hydra tf^ether with great numbers of 



Fic. 8». — A muskrat's nest adjoining the lake border among the bulrushes on 
sandy bottom, 

shelled protozoans and rotifers, especially sessile forms. Snails also are 
common here (Segmentirui armigera, Planorbis parvus, Pkysa gyrina and 
Integra, Planorbis campanulalus, and some species of Lymnaea). 

A large number of species of aquatic insects cling in the vegetation 
with the abdomen near the surface of the water and secure air through 
various anatomical arrangements which conduct it to the spiracles; the 
most noteworthy of these are the water scorpion (Ranatra), the electric- 
light bugs {Benacus and Belostoma), the predaceous diving beetles 
{Dyliscidae) (99c), the water scavengers {HydropkHidae), and the water- 
boatmen {Corixa). There are also a number of aquatic insects that are 
not dependent upon the atmospheric air in their young stages. They 
require, however, some object which reaches above the surface of the 
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water when they emerge from the larval skin. The prominent members 
of this group are the dragon-fly nymphs {Anax Junius and Ischnura 
veriicalis). 

There are a few insects that are relatively independent of vegetation 
as a means of attachment. The back-swimmers are an example. They 
float or swim in the water among the vegetation. The commonest of 
these are those belonging to the genera Plea, Notonecta, and Buenoa. 
There are a few fish that have a similar habit. The top minnow 
(Futtdulus dispar), wMch feeds at the surface, is an example. It invades 
the pools near shore and devours mosquito larvae. The young of such 
fishes as the basses and the sunfishes are sometimes taken in these 
situations. 

In the mud of the bottom there are but few animals. Some of these 
are the same species as those found in the bottom in the region of open 
water and will be discussed later. There are, however, forms that live 
only on the rhizomes of the water-lily. Certain of the leaf-feeding 
beetles {Chrysomdidae, Donacia) (109) are aquatic in the young stages. 
The female eats a hole in the leaves of the water-lilies and reaches 
through with her ovipositor and deposits the eggs in a semicircle which 
has the hole as its center. When these eggs hatch the larvae crawl to the 
rhizomes. They are not provided with gills and do not come to the 
surface for air. They have a pair of spines adjoining the spiracles. 
These spines are thrust into the plant and the spiracles which open at 
their bases come into contact with the holes; the gas in the phint and 
the gas in the air tube of the insect's body interchange, and the animal is 
thus supplied with oxygen. When the larva is ready to pupate it spins 
a cocoon in some unknown way under water, but when it is completed 
it is filled with gas, not water, and surrounds the body of the animal. 
The animal then eats a hole, connecting the cocoon with the air spaces 
of the plant. It then pupates and is supplied with oxygen by the plant 
during the entire pupal period. 

The common painted turtle (Chrysemys marginata) and the snapping 
turtle are common in such small bays. They come out upon the logs and 
bask in the sun. The pied billed grebe builds its floating nest, and many 
other aquatic birds feed in such situations (108). 

Characters of the vegetation formation: This formation is of the 
old-pond type which will be especially discussed in the following chapter. 
There are two characters, one or the other of which is possessed by 
nearly all the animals. They depend upon the atmospheric air or must 
have the support of the vegetation, or both. The majority of the ani- 
mals of this formation stick their eggs either in or on vegetation. Such 
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formations are quite similar in many respects to the formations of the 
vegetation in sluggish rivers but resist lack of oxygen and stagnant 
water much better. 

d) The anaerobic formation. — This is the bottom and deei>-water 
formation. We have already stated that the circulation of water (see 
Fig. to, p. 61) is not known for any of the lakes discussed. Old lakes like 
those about Chicago are usually covered with humus on the bottom. In 
this humus and probably just above it there is little or no oxygen. 
Analyses of the bottom water from ponds with humus^overed bottoms 
showed that it contained no oxygen. The open water of the takes with 
the incomplete circulation in summer is without sufficient oxygen to 
support life, below the level of circulation (Fig. 11, p. 61). There 
are, however, numbers of animals that pass the summer under these 
conditions (no, rrt). These are protozoa belonging to eleven genera, 
worms belonging to two genera, one rotifer, one ostracod, and the small 
bivalve {Pisidium idahoense). Dr. Juday kept these animals in jars 
without oxygen and observed their activities. The rotifer was always 
active. The ostracod showed little activity, and the bivalve k^t its 
valve closed, showing no activity whatever. 

There are occasional midge larvae in the mud of such bottoms, but 
they are rare. Some of these have haemaglobin in their blood and are 
supposed to be able to use oxygen when it is present in the minutest 
quantities. In the open oxygenless water there are phantom larvae 
(Corelhra) which are able to carry a supply of oxygen with them from 
the surface. 

III. Succession in Lakes 

The general tendency of succession in lakes has been indicated. The 
first formation is the bare-bottom type, which is locally transformed to 
the vegetation of open-water type. This usually begins in the protected 
situations first; the bays are ecologically oldest. These bay^ pass 
rapidly from the third open-lake type to the bay conditions- When such 
a stage has been reached the situations that have a less degree of protec- 
tion from waves have reached the second stage and we have lakes as we 
find most of the larger ones about Chicago. They contain, at various 
points, the three formations which we have discussed. The lake is 
reduced in size by filling near its shores and the lowering of its outlet. 
The older stages are continuously encroaching on the younger. The 
area of barren shoal is constantly becoming less as the lake fills and the 
outlet, if it has one, is lowered. Around the shores the development of 
prairie or forest is usually well begun and one or the other of these types 
of land vegetation finally displaces the lake. 
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I. THE INFLUENCE OF SIZE AND DEPTH 

Size and depth have a marked influence on the rate of succession. 
If the lake is large, like Lake Michigan, its waves beat upon the shores 
with such force as to prevent the development of vegetation or the 
establishment of any of the formations just discussed. Smaller lakes 
have proportionally less efficient wave-action, and situations which would 
not be protected to any marked degree in a lake like Lake Michigan are 
relatively free from effective wave-action. The formations succeed one 
another rapidly where wave-action is slight. The various parts of the 
shore of a small kettle-hole with a regular shore-line would pass through all 
these stages at nearly the same rate. Depth is an important factor also 
because the various formations cannot succeed over the deep water until 
the deeper parts are filled (or drained), which often requires long periods. 
The rate of succession in lakes is then directly proportional to their size 
and depth. The small lakes pass through all the stages more quickly 
than the larger lakes. Those considered here have for the most part, at 
present, become dominated by the late stages. The lakes of the inland 
type which are large enough to maintain all the formations discussed are 
among the most complex of all our habitats. 

2. INFLUENCE OF MATERIAL AND UODE OF ORIGIN 

At the very beginning the kind of material in which a lake is situated 
is important but as time goes on it becomes less and less important. If 
the lake is in clay, at the outset there are no sandy areas, but the action 
of the waves soon removes the finer material and leaves sand (the finer 
materials being deposited on the bottom of the lake). Young lakes in 
rock are probably very different from those in clay, but even here sandy 
shores are soon formed and occupied by the same animals as sandy 
shores of different origin. 

The distinction between lakes and ponds is a purely artificial one. 
The ponds have the same communities at the outset as the lakes, but 
the changes proceed so rapidly that very young ponds are rare. All 
lakes and ponds tend to become ecol(^cally similar, regardless of mode 
of origin and kind of material. 

UST 11 

The foUowing Enlomosiraca have been taken from Wolf Lake: * indicates tlw 
species b found in Fox Lake; f i" Butler's Lake; t in the series of ponds at the 
head of Lake Michigan: Copepoda: t*^ Cydops strrtilalui Fischer; *nC.aibidui 
Jiuine; tC. viridh frcmV^nojiu Henick. Cladocerans: Acroptrus harpat ^aiiA; 
X SeaphoUbtrU mucroaala Muel.i \ PUuroius denticulalus Birge; Diaphanosoma 
broekyurumhiev.; iChydorus spliaeHcusM.ad.; Polyphemus pediculushirm; itacrolhix 
rosea Juiiae; tCeriodapknia rtlicuiaUi Jvirint; tSimoceplialus serrulalus Koch; Bosmina 
ebtusiroslrii Sars. Oslracods: Fotamocypris smatogdina Vav. 
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TABLE XXVI 

Anduls ntOM Small Lakes 

Meaning of letters occurring in the columns is as follows: " Habitat " column : 

S— bottom of sand; SH— bottom of sand and humus; B— bulrush vegetation; VO— 

vegetation of open water; VB— v^etation of bays; in "Lake Where Recorded" 

column: F- Fox Lake; W-WoULake; G-Lake George; B» Butler's Lake. 



Caddis-noim 

Caddis-worm 

Caddis-worm 

Snail 

Snail 

Crayfish 

Turtle (musk) 

Geogr^thic turtle 

Straw-colored minnow 

Johnny dart^ 

Mussd 

Planarian. ,....-..-. 

Mussel 

Mussel 

Folyzoan 

Leech 

Brook ulverside 

SnaU 

SnaU 

Midges 

Ami^pod 

May-^r nymph 

Diagon-fiy nymph. . . 

Pol^zoan 

Shrunp 

Cricket-rrog 

Top minnow 

SnaU 

Snail 

Snail 

Damsel-fly nymph . . . 
Dragon-fly nymph . . . 
Dragon-fly nymph. . . 

Back-swimmer 

Back-swimmer 

Bsck- 
Back- 
Leech.. 
May-fly, 

Bug. . . 
Beetle.. 
Beetle.. 



SckntltcNuM 

Goera sp 

Mdanna sp 

Polyeenlropidae 

PUuTocera mbxdare Lea .... 
Goniobasis livescens Mke. . . 

Cambans viriUs Hag 

Aromochdys odorata Lst. ■ . . 
GrapUmys ga>grapkitui LeS 

Nclropis bieimitu Gir 

Boteosoma nigrum Raf 

Lampiilis Mtala Lam 

Planaria maoAila Lddy.. . . 

AnodotiUt pandit Say 

Atfodtmia marpnata Say. . . . 
Phtmalella piAymwpha Kraep 
Plaeebdelia paratilica Say. . . 
LMdMtket licctilui Cope. . . 

Aneylus fuscus Adams 

Stpntnfmo atmigera Say. . . 

Cfnnmamusvp 

Hyaleila kniekerbockeri Bate. 

CallibMlis sp 

Iscknura verlicalii Say 

FeetinaieUa nognifica Leidy., 
Palatmottelet falmosus Gib , . 

AcTi% gryllus Lee 

FundtUas diip«r Ag 

Pkysa gyrina Say , 

Ptanorbts campanulaius Say., 

Planorbis panui Say 

EnaUagtna sp , 

Tetragmuana cytiotura Say . , 

Anax Junius Dm 

Buaioa filatyaiaHis Fieb. .... 

Notontcla tariabilii Fieb 

Pfei jWirfj Fab , 

Nolonecta unduiata Say 

MacrobdeUa decora Say 

EpkemereUa eawnoafw^ Walsh 
Mancasdius dtaiitUt Rich. . . . 

Zaithafiuminta Say 

Coftotemus inUmgatus Fab. . 
Donacia sp 



WUcfa CoUtcud 



S^H 
S^H 
S,SH,B 



VO 

VO 
VO.VB 
VO.VB 
VO.VB 
VO.VB 
VO.VB 

VB 

VB 
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CHAPTER VIII 
ANIMAL COMMUNITIES OF PONDS 
I. Introduction 
Ponds are fascinating to ail, and do not ladt interest from tlie scien- 
tific point of view. They are of especial interest to those familiar with 
the laboratory study of zoology. The common animals of the laboratory 
are pond animals, because [>ond animals are forms that will live in 
stagnant water. The common aquarium fishes are all pond fishes, as 
the brook forms die quickly if they are not supplied with running water. 
The frog, so much studied, is a pond form. The conditions in ponds are 
different from those in lakes and streams, because currents are not strong 
nor particularly important. The water doubtless piles up at one side 
or end of a pond during strong winds, and a complete circulation is 
effected, but this is not important. All of the conditions of lakes are 
duplicated in ponds, but on a smaller scale. One of the chief differences 
between ponds and lakes is the vegetation. Ponds are usually very 
largely captured by vegetation which is very much like that in the bays 
of lakes. Succession of plants in ponds is similar to that in lakes; the 
age of a pond is therefore a matter of first importance. The bottom 
materials are of most importance at the banning (6, 112). The bottom 
materials in the ponds of the Chicago area are rock, clay, and sand. 
Rock-bottomed ponds have been but little studied, though there are a 
number of ponds in abandoned quarries of different ages which would 
make a good series for investigation. Clay bottom occurs in the moraine 
area. Nearly all the natural clay-bottomed ponds have reached a stage 
at which the bottom is not important, but one could no doubt find a 
good series if he were to make a special study. Sand-bottomed ponds 
are the commonest of all, and for the purpose of studying the effect of 
age upon ponds, a series of sandy-bottomed ponds, which differed chiefly 
in the matter of age, was selected. 

II. Ahea of Specul Study 

The ponds that have been made the subject of special study lie in 

the sand area at the south end of Lake Michigan, within the corporate 

limits of the city of Gary, Ind. They may be reached from the stations 

known as Pine, Clark Junction, and Buffington (Fig. 84). The locality 

136 
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is characterized by a series of ridges running parallel with the shores of 
the lake. Their average width is about 30 meters (100 ft.), and they are 
sq)arated by ponds somewhat narrower. Most of the ponds are several 
miles long and vary in depth, during the spring high water, from a few 
inches to 4 or 5 ft. Originally there were probably a number of outlets 
to the ponds, either connecting them with the lake or with the Calumet 
River. This river flows across the long ponds at a small angle. The 
ponds and ridges were formed under water, and the river has cut its 
way across them with the falling of the lake level. The building of 
sewers associated with the growth of the Northern Indiana towns has 
drained a number of the ponds, and roads and railroads have isolated 
parts of others. 

I. ORIGIN OF THE POtlDS (61) 

The waters of the lake appear to have fallen gradttally from the la-ft. 
level referred to on p. 47. There are at present usually two or three 
depressions along the shore of the lake under the water. The present 
submerged depressions and ridges appear to be strictly comparable 
to those found on the plain of Lake Chicago, and the ones with which 
we have to deal probably belong to a series formed by the continuous 
recession of the lake level (Fig. 83). This gives us a series of ponds 
differing principally in age, the oldest being farthest from, and the 
youngest nearest to, the lake. 

As has been stated, the ponds have been partly drained, so that we 
have been obliged to study isolated portions. The younger members 
of the series (ist, 5th, 7th, and 14th, as counted from the lake) show the 
greatest differences and have, accordingly, been studied in detail. The 
arrangement of these ponds is shown in Fig. 83. In addition to the 
ponds named, the 13th, the sad, the 93d, and the 9Sth have been 
studied, but with less care. 

2. PHYSICAL CHARACTERISTICS (lia) 

The mam facts of the topography of the isolated portions studied 
are shown in Table XXVIfl. 

TABLE XXVIo 



Pood 


Ana in Sq. M. 


DcpUi in Mctcn K-nnse Deptb 


Slope 3-7* 


Sloptw* 




3.500 
3.S<» 
aS.000 

50,000 
630 


0.6 1 0,3 

0.9 ; 0.5 

'A, \ V. 

o.S 1 O.J 


Much 
Uss 

Very little 
Very littk 
Very little 


... 
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A decrease in depth, due to the accumulation of iiumus and the lowering 
of the ground-water level, is to be noted in the older ponds. The series 
is, then, an ecological age-series, and throughout our cUscussion we refer 
to earlier and later phases of the various associations concerned. 

III. COUUUNITtES OF PONDS 
I. THE PELAGIC fORHATION 

We have in the ponds a pelagic formation. Though it is limited 
in number of species, many of which breed on the bottom, it is similar 
to that of larger lakes. We have found little difference in the pelagic 
species inhabiting younger and older permanent ponds. Diaptomus 
reigkardi has not been taken from ponds filled with the vegetation 
which reaches the surface. Other species are about the same in 
the different permanent ponds. The pelagic formation is poorly 
developed. 

2. FEONEER FORMATION (TERRIGENOUS BOTTOM) 

(Ponds, I, s, 7) (113) (Stations 9 and 32; Tables XXVII and XXXIV) 
The youngest ponds of the Chicago area are near Waukegan. The 
outer end of the Dead River receives the force of the winter waves from 
the lake and the bottom is bare, with a few scattered aquatic plants. 
Here animals are few. We have taken only a few invertebrates. The 
fish present probably get their food from the older parts farther back 
from the lake. The fish are: the pike {Esox luctus) which prefers clear, 
clean, cool water (79) ; the red-horse {Moxosloma aureolum) which dies 
in the aquarium if the water is the least bit impure, and which also suc- 
cumbs to any impurities in its natural environment (79); Nolropis 
cayuga, which prefers clear waters; the common shiner (Nolropis 
cornutus) which breeds on bare bottom (105), and the white crappie 
(Pomoxis annularis) which lives in streams. On the bottom at such a 
period one is likely to find the larvae of caddis-flies (Goera sp.), snails, 
mussels, etc., but we have found none in the Dead River. 

Vegetation quickly captures parts of such a pond. Chara is the 
first plant to cover parts of the bottom. After this has happened, the 
pioneer formation may still continue. In Pond i of the series of special 
study (Fig. 85) we have a considerable area of bare sand, and the forms 
present are the caddis-worm {Goera sp.) and the mussels {Anodonta 
marginata and grandis, and LampsUis luteola). These are preyed upon 
by muskrats (Fig. 86). There are a number of fish that belong to this 
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formation because of their breeding relations. The large-mouthed 
black bass, the bluegill, the pumpkin-seed, and the speckled bullhead 
all make nests on the sand, the male fish guarding the nests and driving 
off other fish that approach. These species are the same as those of the 
bare-bottom formations of a lake. In their feeding the fish belong in 
part to another formation in the pond, namely, that of the chara. 

Character of the formation: The formation may be designated as the 
bare-bottom formation, the forms present being those that are dependent 



Fig. S5.— Shows Pond i at Che extreme low water of the drought of iqoS. In the 
qiriDg Che old boat is usually covered with water. In the foreground a large area of 
bare sand bottom is shown; to the right a few rushes and sedges. The absence of 
shrubs near the water's edge should be noted. 

upon bare bottom in their most important activities — the fish in breeding, 
the caddis-worms in making their cases, the mussels in their general 
activities. It is necessary for the mussels to be on bare bottom in order 
to maintain themselves in an upright position. 

Tendencies in the formation: This formation is similar to that of the 
bare bottom of lakes. The vegetation comes in, as has been indicated in 
the protected situations, and the bare bottom disappears, its place being 
taken by the chara. The chara gives rise to humus, upon which chara 
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will grow for a long time, so the bottom becomes a humus- and chara- 
covered bottom. 

3. THE SUBUERGED VEGETATION ASSOCIATION 

(Ponds I, 5, and 7; Stations 31, 33, and 34) 
The Chora community is entirely different from that of the bare 
bottom, and differs also from that of other vegetations. Chora is highly 
siliceous. It is probably eaten only accidentally by animals or at least 
forms no important part of their food. It should be considered ^mply as 
a covering for the bottom and a resting- and living-place for animab. 
Some fish culturists (113) have said that it b very rich in life. This 
may be true under certain artificial pond conditions; but the chara 
ponds are poorer than any others of our series. Ckara differs from some 
other plants in not reaching to the surface of the water. Many aquatic 
insects that carry air beneath the suriace must cling to objects which 
reach the surface when obtaining a fresh supply, and others must crawl 
to the surface on some object in order to emerge from the nymphal skin 
(96). Associated with chara are often growths of bulrushes near the 
sides of the ponds and on the sterile bottom. In the sparse chara the 
' most characteristic animal forms are Anodonla grandis footiana (Fig. 86), 
and the musk turtle {Aromochdys odorata), which is abundant on these 
bottoms but is not found elsewhere. There are often nests of a few un- 
identified fishes that clear oS the bottom in building. The burrowing 
dragon-ffy nymph (Fig. 87) lives on the bottom among sparse chara, in 
the presence of but little oxygen. It lies half buried in the mud, with its 
abdomen protruding a little at the end. The mud minnow (Umbra limi) 
(Fig. 88), the golden shiner (Abramis crysoUucas) (Fig. 88), the chub- 
sucker {Erimyzon sucetta), bullheads, the little pickerel (Esox vermicula- 
ft»), the tadpole cat {SckUbeo4es gyrinus), and occa^oni\ly the vmmouth 
bass {phaenobryUus gtdosus) spend their time in the denser chara. The 
shiner and mud minnow place their e^s on the chara or other plants. 

Among the most abundant forms in the association are the midge 
larvae {CkWonomus); these (Figs. 89. 90, 91) are present sticking to the 
vegetation in their small silken cases in great numbers (81). They are 
important articles in the food of the fishes. Aquatic insects are not 
numerous except tor the midge larvae and a little May-fly. Others 
are occaaonal horseflies (Fig. 92), damsel-fly nymphs, May-fly nymphs 
(Siphiurus sp.), and occasional dragon-fly nymphs (Tramea, Anax, 
Ltucorhinia). There are also a number of dytisdd beetles, many of 
which are common in all shallow waters, even rain pools, because of 
their powers of flight. 



,y Google 



PIONEER COMMUNITIES 143 

Ecolc^cally one of the most interesting insects is a caddis-worm 
{Leptoceridae), which creeps over the Ckara and submerged wood. 
It (Fig. 93) has a case made of the minutest sand grains and pieces of 
humus, such as are stirred up by the waves and which are to be foimd 



RXPKESENTATIVES OF A YOONG FOND COUUUNITY 

Fig. 86. — The shell of a. maeael (AnodonUt p-andis footiaHo) that has been broken 
(^n by a muakiat; slightly enlatKed. 

Fig. 87. — The burrowing dragon-fly nymph (Gomfkus spicatus), with the mask 
extended. 

Fig. 8S. — Some fishes of the pond. The dark fish which rests near the botUHU ii 
the mud minnow {Umbra limi). The fish swimming about is the goMen shiner 
{Abramis crysoUucas); 1/5 natural size. 

among the chara. This species is the successor of the bottom species 
(Goera). It belongs to a different group and has structural characters 
which distinguish it from Goera, but which probably have no relation 
to its habitat or habits. On the other hand, the mores as indicated by 
case-building is also different but is related to the environment. The 
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crustaceans constitute an important element in this association. The 
smaller ampbipod {HyaUila knickerbockeri) is abundant among the 
chara. The crayfish {Cambarus immunis) occurs here sparingly. In 
ponds there is an important element of small crustaceans that belong 
to the vegetation and the bottom ; this element is composed chiefly of 




Representatives of the Submebged Vegetation Associatton 

Figs. 89, 90, 91. — Larva of a midge (S9), pupa of the same (90), the adult. 
Midges are inhabitants o( the chara-covered bottom i enlarged about 4 times (after 
Johannsen, BuU. N.Y. Stalt ittueum). 

Ftc. gi. — The eggs of the common large black borseBy on the tip of tbe bulrush 
stalk. 

Fig. 93- — The chara-inhabiting caddis-norm (Ltpiccerinae); enlarged as indi- 
cated. 

Fic. 94. — Ostracod (!folodr<»Ms motmcha MUU.); 30 times natural size (after 
Sharp). 

Ostracoda (Fig. 94), which are small bivalved forms resembling the 
bivalved MoUttsca. They form food for fishes to a small degree. 

£^>ecially abundant just under the chara are the red water-mites 
(Limnockares aqualKus) (Fig. 80, p. 130). One sees numbers of these 
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when he stirs the bottom. Creeping over the plants are the small 
snails (Amnicola limosa) (Fig. 100, p. 146), These respire by means 
of gills. Other snails are also occasionallj' present. Pkysa and Lym- 
ttaea, etc., are always small or juvenile. We have never taken an adult 
specimen of these from the young ponds and in all only a few specimens 
have been taken. These animals get into the ponds that are formed by 
the removal of sand. We are not at all sure but that the few forms 
found in Fond i are the result of such entrance, rather than the regular 
establishment of the species. 

Among the bulrushes are a few aquatic insects that belong to the 
vegetation that comes above the surface. One of the most characteristic 
forms is the neuropterous larva {Chauliodes raslricomis) (Figs, no, 
III, p. 150), which is a marsh form and will drown in water. 

Characters of the association: This association differs from the 
preceding and from the others generally in being distinctly aquatic and 
also essentially independent of the bare bottom and of the surface. The 
animals of this association are, however, strictly dependent upon the 
vegetation for nesting-places, shelter, etc. The mud minnow has been 
studied experimentally and shows avoidance of direct light. 

Tendencies in the association: This association, like all the others, is 
destined not to last^ changes are taking place all the time. The chara 
is filling the pond at the rate of one inch a year (58) and is making a fine 
soil for roots of other plants. As soon as the dense chara stage has 
existed for a time we find other plants, such as ifyriophylluitt, Pola- 
mogeton, and water-lilies. As soon as these have become established we 
have the commencement of the next association. These plants usually 
f^pear in spots, and in many cases the zones are much less important 
than in the lakes because of the small areas of the plants. We can, 
however, recognize a zone of water-lilies, and zones or patches of other 
plants. 

Just as we noted that the formations of the bare-bottom type existed 
in the small [wnds with the Chara, we see also that the surface-reaching 
vegetation occurs with the Chara association and often all three occur 
together. Pond 5 contains a poorly developed phase of all three, the 
bare bottom being of minor importance. Pond 7 contains the chara 
association and the surface-reaching association. Ponds 14 and 30 are 
the best expressions of the surface- reaching type, and Pond 53 is 
the last stage of it. This will be discussed more fully, and we will 
pass directly to the association of the vegetation which reaches the 
surface. 
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3. THE ASSOCIATION OF EUEBGING VEGETATION 

(Stations 34-37, 39; Ponds 5, 7, and 14) (Fig. loi) (30 and 5a) 
With the incoming of the water-lilies and the fine-leafed plants, we 
have the inauguration of a new state of afTairs. Among the new animals 



R£FB£SENTATiV£S OF iHE Dense BuutusH Association (Pond 5} 
(All about natural size) 
Fig. 95. — The common diving qilder {Dolomtdts serpunetatus). The individual 
tram which this dnning was made was taken with a nymph of the dragonfly diown, 

I. if J.™ 

Figs. 96, 97, 98. — Various stages of a dragon-fly (Leuccrkinia intacta) : 96, nymph ; 
97, about to shed its outer covering; 98, the adult. (Modified from Needham.) 

Fro. 99. — The larva of a caddis-worm {Phrygancidat) , which makes its case from 
bits of grass blades, etc. 

Fig. 100. — Small gill-breathiug snail (Xmnicob Jimoja). 

that come in, the bivalved moUusks deserve special mention. The 
Unionidae must have bare bottom for their activities; they are too large 
and heavy to climb on such small vegetation, and the development of 
such a habit has not taken place. They disappear with the sparse 
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Chara. Their place is taken by other bivalves, viz., the Sphaeridae, such 
as Musculium partumeium, which lives in the humus of the bottom, and 
Muiculium secure and tntncaium, which live in the vegetation and are 
able to climb on the vegetation and on the side of aquarium jars. 

In the early phases, shrubs and young trees have begun to grow by the 
^des of the ponds and these from time to time fall into the water, thus 
forming a resting-place for many forms that are not found in the other 
situations. Diving spiders (Fig. gs) are common on the bulrushes which 



Fic. tot. — Showing Pond n at moderate low water. In contrast with Pond i 
we see that it is choked with emerging vegetation and the margin occupied by shrubs 
and bulmshes, etc. 

are here growing on a bottom of humus outside leaf-bearing planU 
(Fig. 101), inside the shrubs. These spiders dive for the immature 
aquatic insects which are here at their maximum. We find numerous 
damsel-fly nymphs and dragon-fly nymphs, both the creeping form {Leu- 
corkinia intacta) (Figs. 96, 97, 98) and the climbing form. The burrow- 
ing dragon-dy nymph has gone, or is present in small numbers only, and 
there are but few May-fly nymphs. Those that persist creep about on 
submerged sticks in company with Amnicola and are especially likely to 
occur in the earlier phases of this community. With these occur the 
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caddis-worms {Pkryganeidae: Neuronia) (Fig. 99), which are also abun- 
dant in the later stages of dense vegetation. Ttiis worm's case is some- 
what similar in form to that of Leptoceridae, being a circular tube, but it 
is made of pieces of grass blades or other pieces of plant fragments instead 
of sand grains. The pieces are fastened together with silk. The worm is 
found creeping among the vegetation, drawing its case after it. Amnicota 
(Fig. 100), the river-dwelling snaU, is common, especially on twigs and 
logs. In the mature stage represented by Pond 14 (Fig. loi) the com- 
mon newt (Fig. 101) probably reaches its maximum abundance. The 
snails which are at best advantage In these ponds are the lung breathers. 
They can here come to the surface for air, and food is abundant, as the 
surfaces of the plants are covered with algae and these form the food of 
the snails. Those snails which come to the surface for air are common. 
Ptanorbis campamdatm (Fig. 103) is characteristic of the mature stage 
and Lymnaea refiexa (Fig. 104) in the older stages. The individuals in 
this case are larger than those of the temporary marshes (cf. Figs. 104 
and 135, pp. 149, 175). Planorbis parvus (Fig. 105) is commonest in the 
earliest phases and Ptanorbis hirsutm (Fig. 106) in the later. Diving 
beetles (Fig. 107), which are common throughout, are most mmierous 
in the denser vegetation. The soldier-fly larvae (Fig. 108) are often 
common in the dense filamentous algae of the mature phases of the asso- 
ciation; here the number of all dipterous larvae is greater than at any 
other point. Midge larvae occur in great numbers, having their cases 
among the algae. Horseflies (Fig. 92), also Tanypus, Ceraiopogon, and 
some mosquitoes are present. Specific identification, however, is not 
possible, and whether or not the species differ in modes of life or reactions 
from those inhabiting the earlier stages in the pond series has not been 
determined. 

Adult aquatic insects have increased with the increase in vegetation, 
in a remarkable fashion. The prominent forms are the larger bugs, such 
as the electric-light bugs (Zaitha fiuminea and Bdosloma americana 
Leidy, with Benacus griseus Say). The water-boatmen are also common. 
The species of these are not well known, and we cannot say whether or 
not they are the same in the older and younger ponds. Back-swimmers 
are also abimdant {NoUtnKta variabilis and undulala, Buenoa platycnemis, 
and the small form, PUa slriala, occur here). They are few in number 
or absent from the younger ponds. 

Some animals particidarly abundant in the older stage are the 
common leech (Placobdtila parasUica) (Fig. 109), the larvae of a netted- 
winged insect {ChauliotUs raslricornis) (Figs, no, in), the large flat 



,y Google 



MATURE COMMVNITIES 



149 



snail {Planorbis Irivotms) (Fig. 112), and the ampWpod {Eucrangonyx 
gracilis) (Fig. 113). All these occur in the senescent stage, where in 
dry years the pond goes almost dry. The vertebrates of the mature 
and later stages are not numerous. The fish are limited to mud- and 
muck-preferring spedes, the black bullhead {Ameiurus melas) and the 
mud miimow {Umbra Umi) (106). The grass pickerel and the dogfish 
are found in such vegetation-choked ponds. 




Refbesentativ£s or the Ewercing Vecetation AssocunoN (Pond 14) 

Fic. 103.— The coaaaoa aewt (DUmiclyliu mridtsceni'l; natiml^e (after Hay). 

Fig. loi-— a BM pond saaiUPlamrbiteampanulalui); natutal size. 

FiC. 104.-1116 common pond sn^ (Lymtuma refiexa); natuial size. 

Fic. 105.— SmaU flat snail {Planorbis partus); 3 times natural die. 

Fic. 106.— Asnail (P/ainwWtAiViirfiu); 3 times naWral size. 

Fig. 107. — A pieAaceoiisdiviag beetle (Cybister fimbriohtus Say); natural size. 

Fic. loS. — A soldier-Sy larva — unidentified; twice natural size. 

The amphibia are the frogs which occur in all stages of the associa- 
tion, and the common salamander (Amblystoma ligrinum), which burrows 
in the soft mud where it remains during the greater part of the year. 
It comes out in spring (February or March) and deposits eggs in the 
pond, where the young are found later. Of the turtles the common 
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painted turtle {Chrysemys marginala) is abundant, basking on the fallen 
trees. The geographic turtle and the snapping turtle are found also 
in the younger phases. Garter-snakes pick up their food along the 
ponds (Fig. 114), while muskrats, occasional minks, and various aquatic 
birds (108) feed in the ponds. 



Senescent Pond Inhabitants 

Fig. 109. — A leech with young attached to tbe ventral side (Placobdella para- 
tUica); natural size. 

Fig. 1 10. — The larva of a, netted-winged insect [Ckaidiodes raslricomii). 

Fig. III. — Pupa of the same (slightly enlarged). 

Fig. tij. — AstuAHPlanorbis trivolvis); natural size. 

Fig. 113. — Common ampbipod (Eutrangonyx grat^ilis); twice natural size. 

Fiq. 114. — Pond 58 in a dry season, showing dead fish (mud minnows) both 
on bottom and out of water and in the water. A garter-snake (XkamHOpliis sp.) 
feeding on the fish. 

Consocies of logs. — This is the chief place to find the sponge and the 
polyzoa. Their numbers vary from year to year but they are usuijiy 
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present. With them are often found leeches, especially Macrobdelia 
decora, wWch is a brilliant red-and-green form. The only character- 
istic insect is the dytiscid beetle {Agabus semiputictalus Kirby) (99c), 
a slender reddish-brown form. The other forms found here are inci- 
dental in the vegetation. Hollow logs are probably used for breeding- 
places by the fishes, such as the bullheads (105), whUe the eggs of Pkysa 
andof water-mites, and some of the aquatic insects, are also placed here. 
The mammals of these ponds are the muskrat, which occurs in all the 
stages, and the mink, which is now rare. 

Tendencies of the association: This association is unstable. Its 
fate is heralded by the incoming of different amphibious plants at the 
sides. This is the form Proserpinaca, with the divided leaves above 
water and the entire ones below. This is often associated with Equiselum 
and plants that have the growth form of grasses. Following these are 
the shrubs, such as the buttonbush (6). Before these have captured 
the entire pond it becomes dry during the dry season and the end of the 
aquatic community is come. The formation which follows is the tempo- 
rary pond, swamp, or marsh type. 

Characters of the formation: The formation composed of the two 
associations mentioned may be characterized as made up of forms 
which require but little oxygen, and no bare bottom. The reproduction 
is one of two types: either the young are carried or the eggs are attached 
to plants. Some of those carrying the young are the Spkaeridae, the 
amphipods, and the isopods. Those sticking the eggs onto or into the 
vegetation are the snails (all), the Dytiscidae, all the species recorded, the 
HydrophUidae, the NohmecUdae, the Bdostomidae, the Ranairas, the 
caddis-flies, the Donadas, and in fact most of the forms of the formation. 

IV. Succession 
The first formation to take possession of a pond when it is first 
separated from a lake like Lake Michigan is the bare-bottom formation; 
chara soon makes its appearance in the deeper parts and we have the 
beginning of the chara association. The chara association so acts upon 
the bottom by covering it with humus and vegetation that it renders 
the continued existence of the bare-bottom formation impossible (6, 
112, 114, 114a). At the same time it prepares a way for the vegetation 
which reaches to and above the surfax^e. This, in turn, fills the pond 
still further, and the strictly marsh vegetation takes possession. The 
history of the true pond is then at an end and the story of the marsh 
begins. Our series of 95 ponds illustrates the series of stages. The 
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vegetation which conies to the surface of the water and the later marsh 
and swamp vegetation encroach from the sides toward the center. 

Entomoslraca do not ordinarily show so clear a succession of species 
as do other groups and our collections are very incomplete. The foUow- 
ing have been noted: Cladocerans: Ceriodapknia reticulata Jurine, C. 
Pukhella Sars, and C. qttadrangula Muel. from Ponds ja to 93. 
Copepods: Cyclops atbidus Jurine appears more common throi^hout 
the series and C. virtdU Jurine is common in the older ones. Diaptomus 
reighardi Marsh is in the younger ponds and its place is taken by 
D. leplopus Forbes beginning with Pond 30. Of the ostracods, Cypria 
exscuipta Fisch. is common throughout the series. Cypridopsis vidua 
Mull, is common in the semi-temporary ponds. 

I. FATE OF THE PONDS 

In the late stages the pond dries during extreme droughts and passes 
rapidly from the stage at which it dries occasionally during a dry season 
to the stage when it dries every season. It is then known as a marsh or 
swamp, or often vernal marsh or swamp, or simuner dry pond. At such 
a stage it is a land habitat in summer and a water habitat in spring. As 
the pond bottom is built up higher by the accumulation of peat, and the 
surrounding ground-water level is lowered by the forces of erosion, the 
question of what is to become of the pond brings us to a question of great 
importance in connection with climatic formations. It will become what- 
ever the surrounding climatic formation may be. If it is forest, directly 
or indirectly, the pond becomes forest, and if it is steppe the pond be- 
comes steppe, while if prairie or savanna the pond becomes savanna. 

We have already noticed that the area of study is on the border of 
the forest and prairie (steppe formations). A pond in the area of study 
may therefore become prairie or forest. Ponds with sloping sides usually 
become prairie, and those nith steep abrupt banks or shores turn into 
forest. There is no marked difference between the animal life of the two. 
Collections made in a series of three prairie ponds which are situated 
near Wolf Lake, Ind., and which in ecological age may be compared with 
Ponds I, 7, and 14 of the Lake Michigan series, are almost parallel with 
the collections from the Lake Michigan ponds. The differences to be 
noted are that the snail Planorbis trivolvis, which usually occurs in old 
ponds only, is found in the earliest pond of the prairie pond series, while 
the snail Vivipara contectoides and the shrimp PalaemoneUs paludosus, 
which usually occur only in streams and small lakes, also occur in the 
prairiepond series. The presence of the latter two maybe explained, how- 
ever, by the fact that the ponds were once connected with Wolf Lake. 
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In the pond formation proper, the fate of the pond early becomes 
evident along the margin. This will be discussed in connection with 
swamps and marshes. The discussion of the areas properly called 
marshes and swamps is the most complex of all our discussions, and will 
be taken up in the chapter on swamps, marshes, and temporary ponds. 

Tables XXVII-XXXm show animals recorded from the series of 
ponds at the head of Lake Michigan (Stations 33-37). 
TABLE XXVn 
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TABLE XXVIH 



Pood Numbcn 



Chili fkoKia fiuca Cutle 

Dtna/tnida Vemll 

ErpdiMa puniUta Leidy 

MofrobdtOc itt«ra Say 

HmhuPU tromdU Verrill. ... 
PlacMdla paratitko Say. . . . 

PlaeabdtUa rugosa Veniu . 

Ghttifkimia ktterotlita Lino . . 
HaemopU momuraiis Say 



TABLE XXK 
Sphatridte and Unionidat 



Unionidftc — 

LampsUit luteola L&m 

AnoJonia grtuidis Say 

Aimdonta martinala Say 

Anodonia graiiili* fooliana Lea. . 
Spbaeridae — 

Mutculium Immaltim Lins 

Utueulium lecure Piimt 

UuKulium partumeium Say. . . . 
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TABLE XXX 
Snahs 
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TABLE XXXI 
Crttslacea 









Pond Nambtn 
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TABLE XXXII 
Aquatic Insect Lasvae and Nymphs 
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Neuroptera— 

Chauliodts railriamii Ram .... 
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Dragon-flies— 
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Dipter* larvae— 
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Hemiptera— 
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Water-striders — 

Gerrii rufosculeUalus Lat 




Mesovdia bisiptala Uhl 
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TABLE XXXni 
DiSTxiBtmoN OF Fish: Ponds Askanged Accobding to Ecological Age 
For meuiiDg of numbers and letters see Fig. 84, p. 13Q. 



Large-mouthed black bass. 

Biu<gm 

Blue-spotted sunGsh 

Pumpkin-seed 

Warmouth tiass 

Yellow perch 

Chub-sucker 

Spotted bullhead 

Pickerel 

Mud minnow 

Golden shiner 

YeUow bullhead 

Black bullhead 

Dogfish 



MicropUrtu saimoides . 
Lepamis failidus. . ■ . 
LtfomU cyantUus . . . . 
Eupomclis gibbosus . . . 
CkattiobryUtfs gidesus 

Penafiavescens 

Erimyam siuelta . . . . . 
Ameiunts ndndosut. . . 

Esox vermiaiiatus 

Umbra limi 

Abramis crysoUucat. , . 
AmHuna nalalis . . . . . 

Am«itirus mtlas 

Amia calva (juvenile). 



TABLE XXXIV 
Higher Vertebrates 
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CHAPTER IX 
CONDITIONS OF EXISTENCE OF LAND ANIMALS 
I. Introddction 
Man bdng a land animal, it is natural that be should be more familiar 
with the conditions of existence of land animals than with those of aquatic 
forms. The reader will recognize that the primary divisions into which 
land animals may be divided are (a) those living exposed to the atmos- 
phere on the surface of the soil and of plants and animals, and (6) those 
out of direct contact with the atmosphere, in the soil, in wood, and in the 
tissues of living plants and ammals. The solid substances in and upon 
which animals live ^re called materials for abode (55,115) and, aside from 
soil, materials are just as varied as are the living and decaying bodies of 
plants and animals. For this reason, an adequate discussion of such 
materials for abode would require a separate treatise. Since the laws 
governing the physical conditions surrounding animals living hidden 
away, for example in the bodies of living and dead organisms, are little 
known, we will pass directly to a discussion of the conditions of existence 
of animals living in soil and exposed to atmosphere. 

II. Soil (116) 
Because of its importance in agriculture, the relation of plants to soils 
has been much studied. The laws governing plants in their relation 
to soik apply in the main to soil-inhabiting animals, all the various 
prc^rties of soils being of some importance in this connection. 

I. TEXTDBE 

The texture of soils is of importance to animab because of the vary- 
ing difficulty with which they may burrow into it, and the ease with 
which their burrows are maintained when once dug. Particular animals 
prefer soils of a particular texture, some preferring rock, some sand, etc. 

2. WATEK 

Most subterranean animals are submerged in water during rains. 
The amount of water which they encounter in the soil at other times is 
determined to a large extent by their relation to the water table (57), and 
by the character of the soil. The water-holding power of different soils 
is different. It increases with the decrease in size of the soil particles and 
'S7 
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with the addition of humus which takes up water by imbibition. The 
amount of water in the soil is usually ei^ressed in terms of per cent of 
we^ht, but a soil with 8 per cent of moisture may not give up water to an 
organism as readily as another soil with only 2 per cent. It is necessary 
therefore to determine the capacity of a soil to retain or give up moisture. 
This has been determined for a number of soils (117, ii8), in terras of 
what is called the moisture equivalent. The moisture equivalent of a 
soil is the percentage of water which it can retain in opposition to a cen- 
trifugal force 1,000 times that of gravity. The maintenance of turgor 
in plants is believed to be a purely physical matter. If the roots of a 
plant are in a mass of soil, the plant gradually reduces the water content 
until the permanent wilting occurs. The wiUing coefficUtU of a soil is 
the moisture content (in percentage of dry weight) at the time when the 
leaves of the plant growing in the soils first undergo a permanent reduc- 
tion in moisture content, as a result of a deficiency of moisture supply. 
The moisture equivalent of a soil is i . 84 times the uniting coefficient for 
wheat, used as a standard plant. Fuller (119) states that the wilting 
coefficient of dune sand is about 0.75 per cent, while the usual moUture 
content of the cottonwood dune sand is two or three times this amount. 
For the clay soil of the oak-hickory forest, according to McKutt and 
Fuller (11911), the coefficient is about 8 per cent. These standards of soil 
moisture indicate the amount of water available to animals through 
direct contact with the soil or available for evaporation into the air of 
cavities which they construct for themselves beneath the surface of the 
soil. A soil gives water to or takes water from the body of a subter- 
ranean animal in proportion to the availability of water in the soil in 
question. The amount of available water increases with depth (119). 

' 3. TEUPERATtntE 

Transeau found that the temperature of bog soil and bog water is 
below that of other soib and waters. This has, however, not been 
observed for different dry soils. The differences between soil on the 
beach at Sawyer, Mich., August 19, 1911, at 3:00 p.m. and in the beech 
woods near at hand was as follows: Air 30° C, upper half-inch of beach 
sand i^-39° C, sandy soil of beech woods ig^-ao" C, a difference of 
19° C. The upper half-inch of bare sand goes as high as 47° C. on the 
hottest days of sununer, while the soil in the beech woods is probably 
always a little cooler than the air at the time of the air maximum. 
Dune sand temperature on the hottest siunmer days at about 3:00 f.u. 
has been found to be as follows: 
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TABLE XXXV 

Showtno Vakiation of Sand Tehpebatdse with DEns and Moistdiz Content- 
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3*'C. 






.9*C. 






.j-c. 









It will be notfd from the table that temperature decreases with depth 
and with increasiog moisture. 

4. PLANTS AND ANIMALS 

Cowles (i lo) mentions the importance of soil bacteria which increase 
with the increase of the humus, and the development of substances toxic 
to the plants producing them ( 1 3 1 , 1 14a) . Little is known of the effect of 
animals upon the soils in which they live but if excretory products ever 
accumulate in any quantity, they probably have a detrimental effect, 
especially upon the animals which produce them (114). On the other 
hand, many burrowing animals bury organic material and bring mineral 
soil to the surface. The digger wasps add much to the sand by burying 
many insects for their young. Earthworms contribute to soil forma- 
tion (30). Cowlesstatesfurtheron the authority of Transeau(izz) that 
humus accumulation alters soil aeration. It follows that the atmosphere 
available to subterranean animals differs in different soils. 

III. Athosphere 
Animals living fully exposed to the atmosphere are usually those most 
dependent upon the various physical factors of the air, viz., light, 
temperature, pressure, humidity, currents, electrical conditions, etc. 

1. UGHT 
Animals are either positive or negative to the actinic rays of the 
spectrum (45, 123). Considerable work has been done by plant 
ecologists, on the measurement of light with photographic papers, but its 
bearing on plant problems is questioned by some because the nonactinic 
portion of the spectrum is most important in the process of photosyn- 
thesis. It appears that these measurements are of much greater signifi- 
cance for animals than for plants. Zon and Graves (114) have brought 
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together the literature and discussed the methods of study (see especially 
several papers by Wiesner). The light in which animals live varies from 
that of the strongest sunlight of mid-day to the darkest recess of soil, etc. 
Many animals show diumal migration due to changes in light. 

2. TEMPEBATCRE 

The temperature of the air varies with light (insolation). Cloudy 
summer days are about 4° cooler than sunny days. Goudy winter days 
are wanner (135, p. 136) than sunny ones. The temperature of the 
lowest strata of air on sunny days varies in some in inverse ratio with the 
distance from the soil, vegetation, etc. The temperature immediately 
above bare soil may be very high in summer (see Table XXXV). 

3. PRESSUHE 

According to experimental work by Cobnheim and others (126, 127), 
man is sensitive to variations in atmo^heric pressure. Many other 
animab, such as rabbits, dogs, etc., are probably also sensitive. Bird 
movements are often correlated with variation in atmospheric pressure. 
In all cases the pressure, as meteorologically recorded, represents a 
variation in humidity, etc., and relations to pressure alone have been 
but little studied. 

4. HUMIDITY 

Atmospheric humidity (138) is very important to animals and 
determines the sensible temperature and rate of evaporation to a large 
d^ree (see under "Evaporation," below). 

5. COMPOSITION OP THE ATMOSPHERE 

(Table II, p. S9) 
The amount of carbon dioxide varies (125) in different localities but 
is usually greatest near the ground where decomposition is taking place. 
Animals living among decaying organic substances probably live in the 
presence of much more carbon dioxide than animals upon vegetation. 
Carbon dioxide is probably important to animals because of its effect 
upon respiratory activity. Carbon dioxide is believed by some physiolo- 
gbts to be a necessary stimulus to the brain to cause all respiratory 
movements. It is further held by some that mountain sickness (asso- 
ciated with high altitude) is due to decreased carbon dioxide pressure. 

6. CtntKENTS 

Currents of wind are important in scattering animals and in affecting 
the rate of evaporation from their bodies. Some animals take up 
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definite positions with reference to wind (aoemotaxis) (laSa), as for 
example some flies hover in the air in one position with the head toward 
the wind. Some animals, such as the land salamanders, frogs, toads, 
millipedes, spiders, and insects turn away from currents of air because 
of increased evaporation. 

7. ATUOSPHEBIC ELECTRiaTY (125) 

The effect of atmospheric electricity upon organisms is little known. 
It varies with variations in other conditions of the atmosphere. It will 
probably be found to be important in the life of animals. 

IV. COUBINATIONS OB COUFLEXES Or FACTORS 

As has already been pointed out (55), the animal environment is a 
combination of moisture, temperature, light, pressure, materials for abode 
and food, all of which factors taken together constitute a complex of 
interdependences. These various factors are so dependent upon one 
another that any change in one usually affects several others. This 
property of environmental complexes is what makes ecology one of the 
most complex of sciences, and experimentation in which the environment 
is kept normal except for one factor, an ideal rarely realized in practice, 
even under the best conditions. 

The efforts of ecologists, geographers, and climatolt^ists have long 
been directed toward the finding of a method of measuring the environ- 
ment which shall include a number of the most important environ- 
mental factors. De Candolle undertook to base the efficiency of a 
climate, for supporting plants, upon the mean daUy temperatures above 
6° C. , this temperature being taken as the starting-point of plant activity. 
Merriam has followed this lead and calculated total temperatures for 
many places in North America and made maps and zones based upon 
such totals. This system, however, has been rejected by botanists and 
plant ecologists on account of much evidence, both experimental and 
observational, which is quite out of accord with this view. The scheme 
has not been generally accepted by zoologists outside of the United States 
Biological Survey. There is practically no evidence of an e:q>erimental 
sort for the application of such a scheme to animals. Relative humidity 
has been suggested as an important index (128) but does not properly 
express the influence of atmospheric humidity upon the animal body 
(125, p. 53). The saturation deficit has also been suggested but does 
not take temperature into account. 



,y Google 



i62 TERRESTRIAL CONDITIONS 

I. EVAPORATION 

"The total effect <rf air temperature, pressure, relative humidity, 
and average wind velocity upon a free water surface in the shade or in 
the sun is expressed by the amount of water evaporated" (125, p. 73). 
Since temperature in the season without frost is directly due to the sun's 
rays, light is in part included. In our latitude, clouds in summer slightly 
decrease the air temperature (125, p- 71). In winter, however, the 
temperature of cloudy days is higher. The strongest light b usually 
associated with the greatest evaporation. Yapp (129) found that the 
rate of evaporation was directly correlated with temperature and illumi- 
nation, but most closely correlated with relative humidity. From the 
standpoint of including many factors, the evaporating power of the air is 
by far the most inclusive and is therefore by far the best index of physical 
conditions surrounding animals wholly or partly exposed to the atmos- 
phere. It is not, however, to be expected that it will hold good for all the 
factors under all climatic conditions, and for this reason, records of light, 
temperature, pressure, carbon dioxide, etc., should be made. 

The data are usually obtained by using a porous cup atmometer. 
Evaporation from the atmometer is more nearly like that from an organ- 
ism than is evaporation from any other device; it was devised by 
Livingston (130). "It consists of a hollow cup of porous clay 12 . 5 cm. 
high, with an internal diameter of 2 . 5 cm. and a thickness of wall of about 
3 mm. It is filled with pure water and connected by means of glass 
tubing to a reservoir usually consisting of a wide-mouthed glass bottle of 
one-half liter capacity. The water, passing through the porous walls, 
evaporates from the surface, the loss being constantly replaced from the 
supply within the reservoir. Readings are made by refilling the reservoir 
from a graduated burette to a certain mark scratched upon its neck. 
For convenience in handling, a portion of the base of the cup is coated 
with some impervious substance and, before being used in the field, the 
instrument is standardized by comparing its loss of water with that from 
a free water surface of 45 sq. cm. exposed under uniform conditions. As 
a further check against error this standardization is repeated at intervals 
of six to eight weeks throughout the season" (Fuller, 131). In Fuller's 
work, the bottles were arranged so that the evaporating surface of the 
instrument was 20-35 cm. above the surface of the soil. 

a) Effect of evaporation upon animals. — ^In the case of man some 
observations have been made. According to Pettenkoffer and Volt i&de 
135), an adult man eliminates 900 gms. of water from his skin and lungs 
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daily. Of this amount 60 per cent or 540 gms. come from the skin alone 
and changes in relative humidity of only i per cent cause percqjtible 
changes in the amount of evaporation from the skin. If evaporation 
from the skin and lungs is diminished, the amount of urine is increased, 
as in many cases are also the secretions of the intestines. Sudden 
changes in humidity make themselves felt in sudden increased or 
decreased blood pressure. The less dilute blood of dry climates operates 
as a stimulant and increases the functions of the nervous system. The 
consequences are excitement and sleeplessness (125, pp. 56-57). 

Little has been done on the physiological effect of evaporation or 
desiccation upon cold-blooded animals. Various writers have found a 
loss of water associated with hibernation. Greeley (132) obtained the 
same results with desiccation as with freezing (132; 133; 51, pp. 
1S2-88). The reactions of animals to evaporation gradients have been 
studied by the writer (134). A high rate of evaporation is advanta- 
geous to some animals and decidedly detrimental to others. Animals 
inhabiting dense woods turn back when they encounter air with a high 
evaporating power. This is true of frogs, salamanders, insects, and 
millipedes. The frogs and salamanders die in an hour or more in an 
atmosphere of high evaporation power but centipedes and ground beetles 
and other heavily armored animals do not die for many hours or even 
days though they react negatively to the dry air when they encounter 
it in a gradient. Animab from hot, dry, sand areas usually select air of 
high evaporating power and die in air of high evaporating power only 
after very long exposure. The results of a long series of experiments 
may be summarized as follows: (i) the animals studied react to air of 
a given high rate of evaporation whether the evaporation is due to 
moisture, temperature, or rate of movement; (1) the sign and degree 
of reaction to the given rate of evaporation are in accord with the com- 
parative rates of evaporation in the habitats from which the animals 
were collected; (3) the animals of a given habitat are in general agree- 
ment in the matter of sign and degree of reaction; the minor diSerences 
which occur are related to vertical conditions (see below) and kind of 
integument; (4) there is a rough agreement between survival time in air 
of high evaporating power, and kind of integument, but no agreement 
between survival time and habitat when a number of members of a com- 
munity are taken together. The relation of warm-blooded animals to 
rate of evaporation has been sufficiently studied so that, when it is 
taken with the work on cold-blooded animals, we are warranted in con- 
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eluding that the evaporating power of the air is probably the best index 
of environmental conditions of land animals. 

b) Evaporation in different habitats. — ^The evaporating power of the 
air varies in different situations (Fig. 115). There are great differences 
between open prairies and closed forests. Shimek (135) found that the 
evaporation in the undisturbed groves in Eastern Iowa during July and 
August was very much less than that in the prairies adjoining. From 
the free surfaces of pans set in the ground so that the water which 
they contained was level with the surface of the soil, the evaporation 
of the groves was about 17 per cent of that of the prairie; with 
cup evaporimeters about 37 per cent, and with Piche evaporimeters 
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Fig. 115. — Showlof! the comparative evaporation rates in the gromid atratum of 
several animal habitats on Long Island during July and August (after Transeau, 
courtesy of the Balankal Gatette). 

about 47 per cent. This is about the same as the difference on Long 
Island between the inner side of Transeau's salt marsh dominated 
by grassUke plants and his mesophytic forest. Sherff (135) found the 
evaporation in a marsh forest to be a little less than that in the beech- 
maple and from 1.8 to J.6 times as great as in the lowest stratum of 
marsh. 

c) Vertical differences in evaporating power and other conditions. — The 
evaporating power of the air is usually greater at the higher levels of a 
habitat. 
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TABLE XXXVI 

EVAPOBATION PBOIl POBOUS ClXP EVAPOBDfETEBS IN DDPEBEKT StBATA < 

Sdidier Dry Maxsh, Cambudgeshise, England, dosing TmuEE 

Pbu<«>s between Jvlv 9 AND Sefteubei 8, 1907 

(Y app, U9, p. aw) 

TlHFUATDKE 



5 ft. 6 in. to 4 ft. 6 in. . 



Im'.'. 



Table XXXVI shows marked differences in the rate of evaporation 
and considerable (Merences in temperature at the different levels, both 
due largely to vegetation. Differences in light are also to be expected. 
Sherff (136, p. 420) has found conditions similar to the above by a two 
months' study of evaporation on Skokie Marsh near Chicago. The 
evaporation there was three times as great at a height of i .95 m. as at 
the surface of the soil in among the plants of Phragmites. Mr. Harvey 
has secured similar (unpublished) results on the prairie at Chicago 
Lawn, Chicago, also Mr. Fuller, in the beech woods. 

Division into strata: Plant and animal habitats are commonly 
divided into strata as shown below. 



Plant (la) after Wanning 
. Ko such stratum recognized. 



2. Ground stratum made up of algae, 
mosses, immediately above the sur- 
face of the ground. 

3. Field stratum; grasses and herbs. 

4. Shrub stratum; formed of shrubs 
taller than the herbaceous vege- 
tation. 

5. Tree stratum. 



Animal 
I. Sub-aqueous stratum made up of 
animals requiring water during 
their active reproductive stages, 
la. Subterranean stratum made up 
of animab or stages in the life 
histories of animals which inhabit 
the ground, especially during the 
breeding season. 
1. Ground stratum made up of ani- 
mals or early stages in the life his- 
tories of animals, as i. 

3. Field stratum; the inhabitants of 
the herbaceous vegetation on land. 

4. Shrub stratum; inhabitants of 
shrubs. 

3. Tree stratum; inhabitants of trees. 
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V. Quantity of Lite ok Laud (137) 
The quantity of life on land has been but little studied. While it is 
evident that some habitats have more animals than others, vre have no 
exact data. As a rule the number of species is small in pioneer situations. 
While the number of individuals in some one or two species may be large, 
the grand total is probably not so large as in later stages. In forest 
development it appears from naturalistic observations that the number 
of both species and total number of individuals increases with age up 
to the oak-hickory stage, the maximum being in the oak-hickoiy stage. 
The beech and maple forest is qualitatively and quantitatively poor in 
animals. Felt (137) records pest species on the trees of the white-oak, 
red-oak, hickory forest as follows: Oak in general, 157; red oak, 19; white 
oak, 31; bickory,3o; wild cherry, 38; hazel,33; total4oi. Herecords 
pests on trees of beech and maple forest as follows: beech, 93; sugar 
maple, 19; pawpaw, 5; total, 116. 

I. rOOD SUPPLY 

The food supply of land animals is in part dependent upon soil. All 
the chief principles governing the elementary food substance of plants 
and animals in water are given on pp. 65-68. Since all these processes 
are dependent upon water (as a solvent) and since soils at all times con- 
tain some water (n6), the reader will easily apply most of the principles 
there stated to the soil problem. There is probably no kind of organic 
matter found that is not food for some animals. Some require plants 
or their juices, some decayed fruits, some wood, some living animals, 
and some carrion. Each stage of its decay, a dead plant or animal is 
food for some animal. 

Certain animals, usually plant-eaters, reproduce very rapidly and are 
preyed upon by many other animals. Mice, aphids, grasshoppers are 
examples (j6). These form small centers about which many of the 
activities of a community rotate. The centers are indicated by the 
convergence of lines in Diagram 6. 

3. EQUIUBKIITU 

The balance in land communities is probably less perfect than in 
aquatic communities even under strictly primeval conditions. This is 
due to the fact that there are many small (feeding) groups of organisms 
centering around each of several rapidly reproducing groups such as 
aphids, mice, and grasshoppers. It is accordingly probably possible for 
a land community to be out of adjustment in some particular comer 



,y Google 



EQUlUBRIVit 



167 



without the maladjustmeDt being felt as far as in an aquatic com- 
munity of corresponding magnitude. 

To illustrate the character of Und communities in the matt£r of food 
supply and equilibrium we have chosen a number of prairie animals and 
constructed them into an arbitrary community. This community is 
gnqihically represented in Diagram 6. The arrows point from the 
animal eaten to the animal doing the devouring, many such relations 
being shown on the basis of actual published records. 




DiAOXAH 6. — Showing the food lelations of land animals. Circles and ellipaei 
inclose groups of oiganiants which are commonly eaten by the same animals, and 
groups eating similar food. Arrows point from the animals eaten to those doing the 
eating. For ei^lanation see text. 

From the diagram we note that wolves destroy the bison. If for any 
reason the wolves increased, they would destroy so many bison that the 
bison would decrease because wolves were abundant. The greater 
destruction of mice in summer by the numerous wolves would cause a 
decrease of mice. Finally, wolves would decrease because of lack of big 
game in winter and mice in summer. This would give the bison and 
mice an opportunity to recover their former niunber and the whole 
chain of changes would be duplicated and a general equiUbrium be 
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re-established. The decrease of mice just noted might, however, cause 
the coyote to eat more ground squirrels and thus Cause an increase of 
insects because of the removal of the ground squirrel as a check upon . 
their numbers. The numerous checks upon the numbers of insects 
would tend to prevent their increasing greatly, but would no doubt 
aflect the greater part of the community. The reader will be able to 




DiAGKAU 7. — Representing the food rektions of the animals of aland community. 
The circles represent life histories which come into contact or overlap at the point 
where one species feeds upon another. The vertical shafts represent the animals 
wliich feed upon tlie vegetation (berbivora and phytophaga). The extent to which 
the shaft penetrates the community indicates its importance as food of the forms 
whose life hbtories are represented. The letters refer to the vertical lines (shafts) 
above them. These lines (shafts) represent the various central groups of Diagram 6 
and other comparable groups as follows: A, large herbivores such as the bison; 
B, the mice, rats, squirreb, and rabbits; C, vegetation-eatbg birds; D, boring insects 
secured by the woodpectersj E, the large plant-eating insects; F, the small soft- 
bodied insects such as ^ihids, scales, etc. The animals represented by the shafts are, 
figurativdy speakiog, the propellors which keep the life histories shown above them, 
turning- 
trace out many such possible fluctuations and equilibrations. The 
number of possibilities is great even in an arbitrary community, though 
much greater in an actual one. 

Diagram 7 is a graphic representation of the relations of life his- 
tories in land communities to elementary food substances. The nimiber 
of plant-feeders which serve to lock the inorganic substances to the main 
part of the community is far greater than in aquatic communities. 
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I. Introduction 



Margins of bodies of water, swamps and marshes, and temporary 
ponds are on the border-line between land and water. Swamps and 
marshes are areas occupied by plants whose stems, leaves, and blossoms 
are in the air and whose roots are in the water or very moist soil, 
throughout the year. Areas covered by grasslike plants are commonly 
called marshes, while those covered by trees are called swamps. 
Swamps and marshes usually contain water the year round and are 
commonly either directly connected with some permanent body of water 
or are fed by springs. Others are dry in summer, and possess an active 
aquatic fauna only in spring and after heavy rains. Our area, being in 
a region of glaciation, represents a portion of one of the great marsh areas 
of the world. Geologically speaking, however, these features represent 
the positions of lakes and serve to show us the fate of our small lakes 
and ponds. Classification of these communiUes is difficult, but they 
may be divided into temporary and permanent swamps and marshes 
and into margins of lakes, ponds, and rivers. 

II. Communities 

I. PERMANENT WATER, SWAMP, AMD HARSH COMMUNITIES 

a) Lake-margin marsh sub-formaHon (senescent pond, or emerging 
vegetation pond association) (Stations 30, 30a, 31). — About the margins 
of lakes and ponds there is often a girdle of bulrushes and cattails (Fig. 
116) which has a characteristic animal community. The sub-aquatic 
stratum is made up of pond animals and has been considered already in 
chap. viii. There are a few characteristic animals which live chiefly 
above the water. The diving spider {Dolomedes sexpunclaius) (Fig. 95) 
crawls about on the marsh vegetation and dives beneath the water for 
prey. The long slender spider {Tetragnatha laboriosa) is common among 
the bulrushes (138). At the base of the rushes and sometimes crawling 
near the top is the snail {Sttccinea retusa) (91). Common frogs (Rana 
pipiens and clamata Dan.) (Fig. 116) and the cricket-frog i,Acris gryllus) 
hop about in the water (139). 

169 
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There are also a number of insects which live upon the vegetation 
and never go into the water. These are the blue and yellow moth 
(Scepsis fulvicoUis), which is most characteristic, flies which breed in the 
water, such as horseflies (Tabattidae) (140), Tetanocera, etc., also midges, 
mosquitoes, dragon-flies, damsel-flies, May-flies, etc. These are asso- 
ciated with grasshoppers, such as Stenobothrus, Xipkidiutn, and various 



Permanent Water Marsh ajjd Its Inhabitants 
Fic. 116, — General view of an open bulrush marsh at Wolf Lake. 

Fig. 117.— Similar but closer view of a marsh at Nippersinlt Lake, showing the 
yellow'beaded blackbird {Xantkectphaltts xanikocephalus Bonap.) perched on the 
butnishes. Photo hy T. C. Stephens. 

bugs and beetles which belong to drier places but which alight on the 
vegetation above the water. These wiU be discussed in connection with 
low prairie communities. 

The birds deserve especial attention (108, 141). The pied billed 
grebe, the black tern, and coot are especially aquatic. The grebe 
builds a nest from decayed floating rushes; its bottom is usually wet and 
the eggs commonly lie in moisture. The black tern builds a nest of 
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weeds and trash similarly situated; the coot is less aquatic. The yellow- 
head blackbird (Fig. 117), mallard, pintail, American bittern, the least 
bittern (Fig. 118), the Florida gallinule (Fig. 119), the long-billed marsh 
wren, and sometimes the Virginia, sora, and king rails, and the red- 
winged blackbird nest in such situations. These birds build nests, 
either woven from grasses or in the form of crude piles of dead vegetation, 
each species having its characteristic method. 

The muskrat breeds here and builds a nest from bulrushes (Fig. 83, 



Pej^u^nent Wat£e Massh and Its Ineabitants 
Fig. iiS. — Nest of Ihi^ least bittern {Ardella exUis Gmel.) in a. maxsh &t Nipper- 
sink Lake. Photo by T. C. Stepbens. 

Fig. iig. — Nest of th; Florida gallinule (pailinuta galtala Licht) in a maish at 
Nippersiuk Lake. Pboto by T. C. Stephens. 

p. 131). The mink likewise is found in this kind of situation {22, 142, 
143). The grassy outer edges of such ponds are the favorite breeding- 
places of frogs {Rana clamala) which stick their eggs to grass. Points 
about such lakes, especially where there are shrubs and willows, are the 
favorite haunts of the bullfrog {Rana catesbeiana Shaw) (Fig. 117). 

6) Spring-fed marsh sub-formations (Figs, iao-22) (Stations 10, 51). — 
These are very similar to the marshes which adjoin bodies of water, 
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but the water of such marshes, however, gets very warm in summer, 
while the spring-fed marsh water is usually cool. It is the subaquatic 
stratum which differs most. 

One of our best examples of spring-fed marsh is at Gary, III. (Fig. 
I ao). This contains watercress, which is usually associated with springs. 
The most characteristic animals are the flatworais or planarians. Pla- 
naria dorolocepkala (Fig. 1 21) is common on the under sides of leaves, etc, ; 



Spring Maesh a.vd Is'HARtTAs-rs 
Fig. iio. — A spring marsh at Car>', 111. 

Fig. 121. — Planaria doroUnepHata; i\ times natural size (original). 
Fig. 121. — The brook amphipod {Gammarus Jasciatiis); twice natural siee. 

if one puts a piece of meat into the water it will be covered with worms 
within a short time. The worms follow the diffusing meet juices, often 
passing through the direct sunlight, which they usually avoid. When 
they reach the piece of meat they crawl to the under side. 

Associated with this planarian is Dendrocoelum (144), a larger, light- 
colored species, which does not come to the meat but is found with the 
former, under boards, chips, leaves of plants, etc. The brook amphipod 
(Gammarus Jasciatus) (Fig. 1 22) occurs here also. The animals of the 
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vegetation above the water including the birds are about the same as 
in the preceding sub-formations. 

PemuiDent and temporary swamps are covered with trees. The 
most important permanent swamps are the tamarack swamps. The 
aquatic phase of these will be discussed in connection with the tamarack 
swamp itself (p. 193). Temporary swamps will be discussed under the 
head of temporary forest ponds. 



The situations known as temporary ponds, temporary marshes or 
swamps, or summer dry ponds, are common about Chicago and usually 
contain water in early spring, drying before the first of June. At some 
points at the south end of Lake Michigan much sand has been removed 
for commercial purposes and frequently the workmen remove it to points 
below the ground- water level of the spring months and accordingly make 
temporary ponds which have pure white sand bottoms. A few of these 
have been studied, one when it was one year old, another when about 
twelve years old. These were compared with ponds of the horizontal 
series which are much older. 

a) Bare-bottom association. — ^Twelve-months pond association (Sta- 
tion 40; Table XXXVII): In April, 1910, we found this pond full of 
filamentous algae, and containing rotifers, copepods, and ostracods, the 
eggs of all of which will probably withstand drying and may have 
blown into the pond during the preceding dry seasons. There was a 
single full-grown snail (Physa gyrina), a small individual (probably 
Physa heterostropka), and a small long snail, Lymnaea (probably exigua). 
These snails may have been carried into the pond, from other ponds a 
few rods away, on the feet of turtles or frogs. 

Twelve-year-old pond association (Station 40; Table XXXVII) : As 
such a pond as we have just described grows older, the algae continue 
and the reed {Juncus ballicus) comes in, together with some sedgelike 
plants. In such ponds the number of species is usually greater than 
at an earlier period. 

In addition to the species found in the twelve-months pond, we 
obtained water-beetles, which are, however, not particularly signifi- 
cant because they may occur in rain pools. Cladocera, the flat snails 
{Planorbis sp.), and the nymphs of damsel-flies and dragon-flies are 
also found. The difference between this pond and the preceding one 
is not great. Indeed, it is only when the bottom of the pond becomes 
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covered with sedges that we find marked differences in the ponds of 
different ages. 

b) Vegetaiion choked temporary pond assocuUion (Stations 41, 43, 43; 
Table XXX Vn). — Sedges soon take possession of the bottom of such a 
pond as we have been discussing. Just how long a time is required is not 
known, though the pond which we are about to discuss is probably 
several hundred years old. Here we find nearly all the groups men- 
tioned as occurring in the younger ponds, but also certain ecological 
types which are characteristic of sedge-bottomed ponds. Most notable 
is the small green, flat, dgar-shapied worm {Vortex vtridis) which usually 
occurs in numbers, and a small brown species of Mesosloma similar 
in form but brown in color. With them are often smalt larvae of 
dytiscid beetles (fpedes imknown), caddis- worms (Phryganeidae) with 
cases made from pieces of grass (their relation to those in permanent 
ponds is not known), and the snail {Lymnaea modicella). 

As such a pond grows older the sedge becomes thicker and other 
plants make their appearance. What is known as low prairie develops. 
At such a stage the small ponds like those we have been describing 
usually become partially filled and so never contain the best development 
of the older temporary pond community. We accordingly turn to the ' 
later history of the ponds discussed in the preceding chapters, which 
represent the best devel»q>ment of the temporary pond communities. 

In a forest climate when ponds are filled and drained they are 
occupied by forest. In the steppe climate they are occupied by steppe 
or prairie. In the forest border area, where our studies have been 
carried on, some ponds when filled are occupied by prairies, others by 
forest. Dr. Cowles is of the opinion that ponds with gently sloping 
sides and bottoms become covered with prairie, while those with steep 
slopes become covered with forest (Fig. 123). 

As ponds, such as we have discussed in the preceding chapter, 
become ecologically old, they dry in dry seasons. They usually become 
occupied by cattails, equisetum, or other grasslike plants. The red- 
winged blackbird (Fig. 124) occasionally nests in them. At such a 
stage the isopods {Asellm communis and Mancasellus danielsi), amphi- 
pods (Eucrangonyx) (Fig. 113), and snails {Lymnaea reflexa) (Fig. 125; 
compare with Fig. 104, p. 149) are common. The fringe-legged mosquito 
{145) and the common marsh mosquito (Fig, i z6) breed in such situations 
while the crayfishes and various of the old-pond species continue. 

When such a stage is reached, it is only a step to the typical tempo- 
rary pond. If the ground-water level is lowered, as is the case in many 
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Semi-tehporarv Pond or Marsk and Inhabitants 
Fig. iij. — GeDerat view of Pond 93, which is occupied by SagUlaria and giass- 

Fic. 124. — Side view of a red-winged blackbird's nest. Photo by T. C. Stephens, 

Fig. 124a. — The same from above. 

Fic. 123.— A temporary pond form of the snail {Lymiiaea rejiexa); natural size. 
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of the ponds south of Lake Michigan, such ponds usually become grassy 
in the middle and often typical temporary prairie ponds. Here we find 
the green flatworm {Vortex), vemal planarians {Planaria velata), great 




Fic. 116. — The common marsh mosquito {Anopheles punaipennis SayJ; much 
eolaiged (from WilUston after Smith). The details are such as to enable one to 
recognize this species of mosquito: (i) adult female; {>) her patpus; (3) her {^nitalia; 
(4) part of a wing-vein showing scales; (5) anterior, and (6) middle claws of the male. 



ntimbers of EtUomoslraca, belonging to all orders. Of the last there are 
many very large cladocerans, the copepods (146) {Cyclops viridis 
americanus ){Fi%. 127), the red copepod {Diaptomus stagnalis) (Fig. 128), 
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l^^ 



the ostracod {Cyprois marginata )(i47) (Fig. 129), and the fairy shrimp 
i^Eubranchipus) (148) (Fig, 130), all of which are characteristic of tempo- 
rary ponds. Red mites (Fig. 131) are also common (149). 

Professor Child (unpublished) has noted that the distribution each 
spring of Eubranchipus and of other temporary pond species is modified 




Tehpoeasv Grassy Pond Anikals 

Fic. ii7.— A temporary pond copepod (jCychps viridis amtricanus Marsh); 35 
times natural size (after Herrick and Turner). 

FiC. 138, — The red copepod {Diaptomiu stagnalis) from temporary pond; n 
times natural size, left antenna omitted (after Herrick and Turner). 

Fig. I3Q — The lemporaiy pond ostracod (Cypreis nuiTgittaUt); 35 times natural 
size (after Sharp). 

Fig. 130. — The faiiy shrimp (Eubranchipus); 3 times natural size. 

Fig. 131. — The red mite (ffjrfrocifiasp.); 10 times natural size. 



by the rainfall of the preceding season. When the rainfall of the pre- 
ceding season has been great, the temporary pond species are found only 
in the smallest and highest (above ground-water) ponds such as would 
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develop in the place of one of the small ones with sandy bottom. Follow- 
ing dry seasons the temporary pood species are found in ponds which do 
not usually dry in summer, but which were dry the preceding simuuer. 
It has been shown that the eggs of Eubranckipus must be dried and 




Fig. 131. — The Uttle smoky mosquito (Aides fusca O. S.); much enlarged (from 
Williaton after Smith): (i) adult female; (i) her palpus; (3) palpus of the male; 
(4) anterior; (5) middle, and (6) posterior claws of the male. 

frozen before they will hatch. The relation of their distribution, follow- 
ing the seasons of different rainfall, si^gests that some definite degree 
of drying must be attained to insure hatching as well as that the eggs 
are probably blonii about by wind. One autumn, about 1900, there was 
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early freezing and cold weather followed by wann weather of a very 
springlike character in December. Professor Child observed that the 
Eubranchipus hakked during this period of warm weather. Cold weather 
came on soon after and most of those that had hatched died before 
reaching sexual maturity, and for several years after the species was 
very scarce in the vicinity of Chicago, Eubranchipus is found only in 
grassy ponds, possibly because the forested ponds do not dry sufficiently 
in summer. We have found it on one occasion in woods, but this was 



The Babe Sand Watek Mabcin and Inhabitants 
Pig. 133. — Margin of Lake Michigan at BuSnglon. 

FiC. 134.— The beach tiger-beetle {Cicindtla kirtiaMii); ij times natunl size. 
Fic. 135.— ThebeachgTOundbectle(fiemfru^tiiMcariRufa); i} timesnattmliize. 

in flood-plain pools following an early spring flood and might have been 
due to the washing-in of eggs or young. 

c) Forest temporary pottd sub-formation (association) (Station 50; 
Table XXXVII). — These are characterized by the absence of both 
Diaptomus and Et^anchipus. The Entomostraca are chiefly ostracods, 
such as Cyprois marginata, which occurs in grassy ponds. Vortex, mos- 
quito larvae, the little bivalve (Musculium), small earthworms (Litm- 
bricuius), and the larvae of a beetle (Dascyllidae) are also very common. 
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The amphipods and sowbugs of the earlier stages are stili present. This 
is the breeding-place of such mosquitoes as the little smoky mosquito 
(Aeies fuscm) (Fig. 13a, p. 178) (145, 99c)- 

3. COUHDNITIES 07 ICAXGDfS DP BODIES OF WATER 

There is always a narrow area along the margins of bodies of water 
which is difficult to classify as water or as land. The association of 
this area is the one with which we now have to deal. 

Along the margins of young ponds and lakes is an area which is 
characterized by being made up of wet sand or mud which is sub- 
merged at high water and moist at 
other times. 

a) Association of the terrigenous mar- 
gins of targe lakes (Fig, 133) (Stations 
57, S8; Table XXXVm).— Here we 
find the springtails the simplest in- 
sects, the shore bugs (150), Saldidae, 
especially Salda humUis Say, a laige 
number of tiger-beetles (151) {Cicin- 
dda fnrticaUis) (Fig. 134) (C. cupros- 
cens), together with numerous small 
flies. 

The ground beetle (Bembidium 
carimila) (Fig. 135) and numerous 
scavengers are common because the 
beach is often strewn with dead ani- 
mals which have floated ashore. The 

DUTgm toadbug {Gwuloams ocuJatus) ; , , 

greatly enlarged (after Lugger). mumUes wdl be discussed m the 

chapter on dry forests. The spotted 
sant^iper feeds here, and with the piping plover often breeds not far 
from the water's edge. Under conditions of rapid recession of the lake 
such a margin is separated from the wave-action. It is then rapidly 
transformed into the next association. 

b) AssociaUon of the terrigenous margins of ponds and small lakes 
(Stations 30, 40; Table XXXIX).— This association differs from that of 
the large lake in that the scavengers are absent and the animals much 
less active, not moving about so rapidly. Here we find springtails, 
Saldidae of another spedes, and the toadbug (Gelastocoris oculatus) (150) 
(Fig. 136), which is colored like the ground and is found hewing about 
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close to the water. The tiger-beetle ol the Lake Michigan shore is dis- 
placed by that of another {Cicindela repanda) which b less active. With 
these is the hooded grouse locust {ParaUttix cucuUatus) (Fig. 137) (40, 
p. 419). The small semiaquatic snail (Lymnaea modicdta) is frequently 
present in numbers. 

The nests of the spotted sandpiper {108, 141) and the ydlowlegs are 
found here, and the birds no doubt feed upon the mvertebrates present 
on the margins of the ponds and of the shallow water. 

c) AssociatioH of sedge mtirgins of ponds and small lakes (Stations 
33-34; Tables XL, XLI).— As time goes on, the sandy margin is 
captured by sedges which are scattered at first, so that the animals just 
discussed continue for a time among them (Figs. 138, 139). Finally, 
however, the ground becomes sodded over 

with sedges and a low prairie animal commu- 
nity comes in, and the bare ground animab 
disappear. In the case of ponds which are 
to develop into forest this stage is found 
only along the young ones. The sedges are 
soon displaced by shrubs and the sedge 
communities give way to shrub. 

d) Associations of shrub margins cf ponds 
and small takes (Fig. 140) (Stations 34, 37, 
44; Tables XLI, XLII).— Mr. Allee has 

verified my observations to tiie effect tiiat , ^'^- 'iK^'^ fT? 
/ , , . , ... locust {Paratetttx eueuUatus) 

the aquatic part of this formation is almost f^i„ Lugger), 
entirely barren; however, in summer we get 

the short-winged and armed grouse locust {Ttitipdea armaia Morse, 
and parvipennis Harr.) (40) and the slimy salanunder {Plethodon 
gluiinosus) (152) (Fig. 141). Of the birds associated with the water 
we have here the wood-duck and the green heron. 

4. ICAKGIXS OF RIVERS 

(Station 29) 
Here the sandy margin is similar to that of the ponds and lake. 
Along the Fox River we find the mole cricket (40) which burrows into 
the sand. Mud margins are rather barren except for occasional beetles. 
The margins of rivers which are grassy or marshy are like those of ponds 
and lakes. The margins of the Calumet and lower Deep rivers are 
covered with marsh plants and saturated with water in spring. They 
are the nesting-places of the long-billed marsh wren (Figs. 142, 143) and 
many other marsh birds (108, 153). 
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Fig. 138. — Prairie-like stage of a pood margin. 
Habiut of CicindtU Iranquebarica in the pine 
zone of the ridges at the south end of Lake 
Michigan. The dark portion in the foreground 
is the shadow of a tree. At the left is the 
cattail zone of the depression; between a and 
b, tlte sedge zone; between b and c the zone of 
high-depression plants. The white blossoms 
here are those of Parnassia carohniana; their 
distribution, September, 1906, corresponds ap- 
pro^iimately to the distribution of the larvae of 
C. Iranqutbarica, which arose from eggs Lud in 
May aitd June, 1905. The portion to the right 
and above c represents the higher portion of the 
ridge and the habitat of C. scuUUaris. Reprinted 
from the Journai of Uorpkoloty. 

Fio. 139. — The upper part of the burrow of 
C. tranqutbarka, pupal cell shown by dotted 
line; ) natural size. Reprinted from the Journal 
oj Morphohgy. 
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III. General Discussion 



The areas which we have been discussing in this chapter are the 
tension lines between the land and the water. It is in such areas that 
ecotogists have learned most about succesdon and about the tendencies 



Fic. 140. — Pond 95, showing the death of the pond by the growth of buttonbuah. 
Fig. 141. — The shiny salamander [PUlhodon glutinosus); about twice natural 
size (after Fowler). 

and processes in animal formations and associations. In this chapter 
we &rst considered the marshes which border the lakes and ponds about 
Chicago. Dr. Cowles and others have pointed out that lakes and ponds 
are filled by organic debris and that bulrushes invade from the shore and 
"capture" the ponds and lakes. As the bulrushes and other plants 
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invade, the girdle of marsh which is the nesting site of the birds men- 
tioned moves farther and farther toward the center of the pond or take, 
the former positions being occupied by shrubs, such as buttonbush or 
willow, or in some cases by prairie. Such a situation is in unstable 
equilibrium. 

Tumii^ to the margins of ponds, lakes, and rivers, we note that 
at the beginning we often have the bare sand. This is first occupied 



Fio. 141. — The long-billed marsh wren's nest. The nest unopened. 
Fig. 143. — The not torn open showing the eggs. 

by reeds and sedges, and finally by shrubs. It is this reed and sedge 
group, or the buttonbush, that invades the swamp as it fills with bul- 
rushes and cattails. We note acoirdingly that the vegetation which 
appears on the shore invades the pond as it fills. The last stage of 
a pond is either a buttonbush swamp or a low prairie which we shall 
discuss in later chapters. 
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TABLE JOCCVn 
Tekpokasy Ponds of Dawsazm Ages 
Hie aumbcTS standing at the heads of the columns where months oc years are 
not indicated refer to the numbei of the pond in question when counted from the lake. 
J.P. is a pond south of Jackson Park. 



CouMoa Hame 



Cladoceian.. 
Ostracod ... 

Snul 

Snail 



Small water-bug 

Scavenger beetle — 

Water-stridec 

Water-mite 

Flat snail 

Di^oD-fly nymph . . 
Toad-shaped bug. . . 



Green flatwonn 

Brown Oatwonn. , . 
Predaceous beetle . 



Isopod 

MMQuito larva. . 
Bivalve 



SaimoK Nami 



Lea. 

Bembidium sp. 

Apkodiia fimtlarius 

Zaitha fiutnitiea Say. , . 

HydropkiliJat 

Gerridae. 

ByttrockiKt Bp 

PUtnorbis 

EnaUagma 

Gelailocoris oadatui 

Fabr 

Vorltx nriditM. Sch. 

Uesastoma sp 

Dylitcidae 

CMembola 

lf«ur<miat up 

Lymnaea reJUxa Say. . 
Diaptmiuu ilapialii 

For 

Etibranckipus senalus 

Forbes 

Platiana tdata Str. . . . 
Buerantoityx tfacUis 



Asdlm 

Culieidtte 

MutetUium stcurt 

Cypris fuscala Jurin« 
Cyfrois marptuUa 

Strauss 

Das(ylii4ae 

Lun^ricultu 

iaeotulans Smith 



F<n< 



,y Google 



WET GROUND COMMUNITIES 



TABLE XXXVin 

Animals Fbequentino tbe Moist Margin of Laee Michigan 

(Staliong 57. 58) 



c™_»™ 


SdntJGc Name 


HoDlh 




Sarcothaia sd 


4-9 
4-9 
4-9 
4-9 
4-9 


















Tigei-beetle 






7-8 







TABLE XXXIX 

Animals Resident on the Makgw of a Twelve-Yeak-Old AsTmaAL Pond and 

OF Wolf Lake (Sandy) 

(Stations 30, 40) 



CommoD Nune 


Sdentific Nane 


m™u, 










Lymnaea humilis madiceUa Say 


4-9 
4-9 

4-9 

4-9 








Hooded grouse locust 
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TABLE XL 

Anihau Recorded fkoh Sedge-coveked Pond Makcins 

(Sutions 31,33) 



SnaU 

SnaU 

May-fly 

Toad 

Diving spider. . 

wiilkiDg-stick. . 



Dsmsel-bug 

Centipede 

Spider 

Long-bodied a[»der . 



Spider 

Orb-weaving spider. . 
Short-tongue bee .... 



Bug.. 
Red-let 



Lymnaea humilis modiceOa Say ■ . 

Succinta rettaa Lea 

Succinea avara Say 



Bu]o Untitinoiui Sh 

Dolomtdes sexpvnclatus HU. . 

Pitala itutdaris V-nt 

Diapkcrcmera femorala Say , . 

Acrididae 

Rtduvieha Jeruf Linn 

LUkobius s^ 

CiuraeatUktum indma Htz. . 



TiUlTui duttoni HU 

EucUi caudala Em 

EpeirafotuUa Koch 

AugocUora cenfuia Rob 

Ponera coarctaia Latr 

Diabrolica li-punctala Oliv 

Diabrotita vittata Fab 

Diclyna sublata Htz 

PkynuUa fasciala Gray 

Tkyreacorii anicator P.B 

Pkiiaronia bilineala Say 

Meianoptus ftmur-rubrum DeG. . . . 

Cosmopepta camifcx Fab 

Formica fusca var. stibserieea Say . . 
Ckironomidat 
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Anwals R£Coai>£i> rROU the Maicin op Pohd 8 (Mk 
BY Mk. B. F. Iselv 
(Station 34) 



> Sedges and Shkubs) 



Lygadd 

Apple-leaf hopper 

Lacebug 

Du^y plant-bu^ 

Cranbeny lygaeid 

Beetle 

Ground beetle 

Ant-like flower-beetle 

Leaf-beetle 

Morddlid 

Case-bearer 

Stiawbraiy beetle 

Lampytid , 

Lampyrid 

Lampyrid 

Metallic wood-botet 

Dascyilid , 

Maia or buck moth 

Shott-winged brown grass- 

hoppei 

Slender meadow grasshoppei 
Short-winged mradow gr'hoi 
% 

Hy 

Fly 

Fly 

Horsefly.... 

Horsefly 

Syrphus fly , 



Scientific Mum 

Cymta anguslalut Stai 

Empoasca nmli LeB 

Physalockila plexa Siy 

Dratcukuxpkaia molUpet Say 

Addfhocorii rapidus Say 

luknodtmut faiicus Say 

Sodonota Iristis OUv 

Anomeglostui puiiilus Say. .' 

SkrtopiUpui meliyi Laf 

ChaUpiu komii Sm 

MorddUstemt ospersa Hel 

Pachybrackys abdominalis Say 

TypopkoTut Catullus sdlalus Horn, , 

Lucidola punctata Lee 

Pyraetomena bcretUis Rand 

Lucidola atra Fab 

Pachysaltis laeviiatus Say 

PlUodactyla terrKolHs Say 

I Bemileuca maia Dm 

Sletudioiknis curlipennis Harr 

Xi^hidium fascialum DeG 

. Xiphidium brevipenne Scud 

Tiianectra un^arum Lin 

T^anocera plumosa Loew 

Tttanecera combinaia Loew 

Ttlanocera saratogettsis Fitch 

Ckrysops aeiluans V.W 

Ckrysops callidus O.S 

Mesopamma tnargiHata Say 



TABLE XUr 





(Sution* 37, 44) 




Common Ntmg 


SclffldSc Nuoe 


HoBth 




AiMphocoHs rapidut Say (young) 


;1 




Fuhrarid. 


Ampkactpa bivUlata Say i 


7^ 






Smeared dagsei-moth 


Acranycla oblinita S and A (AEee).. . . 
A pkatnogaster treatat ¥oie[ (Allee) 


8 






sfe;:;::::::::::::;::: 








"r^'byTffiS"^ ""■'"*■ . 










TyPopkonu caneHus alerrimu! Oliv. . . . 









„Goog[e 



CHAPTER XI 

ANIMAL COMMUNITIES OF SWAMP AND FLOOD-PLAIN FORESTS 

I, iNTRODDCnON 

Swamp forests are those wbidi arise in the areas formerly occupied 
by ponds and lakes and which grow in water or very wet soil. About 
Chicago the many coastal and morainic lakes of earlier periods have been 
filled by organic detritus and more or less completely occupied by trees. 
Often the trees have grown upon floating bogs such as sometimes occur 
about lakes, though sometimes they have sprung up on solid ground and 
compact organic detritus. 

' II. Swamp Forest Formations and Associations 

We shall consider these forests genetically: the marsh which often 
appears first, the shrub stage which follows, and finally the forest. 

I. THE ELM- ASH SWAMP FOREST COMMUNITIES 

a) The marsh association {Station 52; Table XLI). — One of the best 
examples of this community is at the north end of Wolf Lake, Ind. The 
youngest part is occupied by bulrushes and Bilnscus, and covered in the 
spring by about a foot of water which teems with small crustaceans, 
mosqmto larvae, and red water-mites. Lymnaea refiex, usually about 
half the size of the specimens (100) of permanent ponds, and the small 
bivalve {Muscalium) are present. As the season advances the water 
dries up and the eggs of the crustaceans and adult mollusks live through 
the dry season on the bottom of the pool. Above the water on the 
Bilnscus are the small Succinea retusa (91, 100), which belong to the 
forest edge and low prairie. 

b) Shrub associoHon (forest edge sub-formation) (Station 53; Table 
LXin) .—-Surrounding the central pool which we have described is 
usually a girdle of buttonbush. Here we recognize several strata. The 
subterranean stratum has few inhabitants. We have recorded none. 

The ground stratum is not inhabited by many animals. The wood- 
cock and the northern yellowthroat (108, 153) probably occasionally 
nest here on the ground, possibly also the common shrew {Sorex 
personalus St. Hil.) (142). There is no distinct field stratum, as the 
189 
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thickness of the shrubs prevents the growth of herbaceous vegetation. 
The shrub stratum is the chief habitat. 

The buttonbush is remarkably free from plant-feeding animals. 
Occasionally some of the willow-eaters, such as the larva of the smeared 
dagger-moth, are found on it, but never in any numbers. This stratum 
is the resting-place of many of the insects whose early stages inhabit 
water. When the plants are in blossom, it is visited by many flower- 
frequenting insects, such as the bumblebee (40). 

Mr. Visher has recorded a number of nesting birds in this girdle. 
The wood-duck usually makes its nest here in some hollow tree and lines 
it with feathers; where stumps or rotten trunks are found the prothono- 
tary warbler sometimes nests; Traill's flycatcher {Empidonax traiUi 
Aud.) places its nest well up in the branches and leaves of the bushes. 

c) Forest formation (Stations 52 and 53; Table L). — As time goes 
on and the marsh fills with organic detritus, the buttonbush which is 
continually encroaching upon it comes to occupy a position farther in, 
while its former location is taken by the ash, which is the next girdle 
outside. 

The ash is succeeded by the American elm and the basswood. These 
are frequently considerably mixed with the ash, but the two girdles can 
be distinguished in the Wolf Lake Forest. For convenience we shall 
treat these two girdles (associations) together under the head of the wet 
forest formation. 

The subaqueous and subterranean-ground strata: The subterranean 
portion is inhabited by earthworms. On the higher parts there are 
doubtless other subterranean forms. Where the roots of the grapevine 
are in the drier soil, the vines are infested with the aphid {Phylloxera) 
which makes galls on both roots and leaves. The depressions of these 
forests are filled with water in spring and support tenyjorary pond ani- 
mals such as we have discussed on p. 179. 

In the Wolf Lake woods we noted in the spring of 1910 that the small 
red spiders {Trombidium sp.) were numerous. Centipedes, crane-fly 
larvae, and ground beetles occur under the leaves. Hancock (40, p. 419) 
states that the obscure and Indiana grouse locusts (Tettix obscura Han. 
and Neoteltix hancockt Bl.) are found in such forests. Under pieces of 
rotten wood are sometimes found specimens of the small snail (Zonitotdes 
arboreus), which is first to appear in forests developing from the button- 
bush swamp stages. On highest ground we get two other snails {Poly- 
gyra monodon and Pyramtdula striattUa Ant.) (91, 100). In the fallen 
logs we find a considerable number of borers (Parandra brunnta Fabr. 
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aad others) and under the loosened bark are centipedes {LUkobius), milli- 
pedes (Polydesmus), and beetle larvae {Pyrochroidae) which are flattened. 

While we have no actual records of mammals in such situations, 
doubtless the vatying hare (Lepus americanus Erx.) which frequents 
marshy woods with thickets such as the buttonbush, the common shrew, 
which nests under logs, and the mink (Afuslela vison lutreocephalaHnihn), 
all have been visitors if not residents in such situations in the past. The 
wood-duck, the woodcock, and prothonotary warbler often nest in such 
woods. 

Field stratum: The field stratum is inhabited by small flies, such 
as crane-flies, midges, and mosquitoes {Ckironomidae and Culiddae), 
occasional spiders, such as Tkeridium frondeum, parasitic hymenoptera 
{Pimpla inquisitor Say, Ichneumon mendax Cress.) and the scorpion-fly 
(Panorpa), which breeds in the ground. 

Shrub stratum: The shrubs consist chiefly of buttonbusbes and low- 
hanging grapevines. The vines frequently have conspicuous insect 
galls. One called the grapevine apple gall, because of its shape, is due 
to the larva of a small fly {Cecidomyia viHs-pomum W and R) (137); 
another which is a pointed tube on the leaf is due to Cecidomyia viticola. 
Wartlike galls on the under side of the leaves are due to Phylloxera 
vastratrix PI. (Fig. 377, p. 373) (150), an aphid which, when introduced 
into France, threatened to destroy the vine industry. These occur only 
on the vines on high ground where the roots, upon which a part of the 
life of the aphids is spent, are out of water. Several grape insects, includ- 
ing the fulgorid bug (Ormenis pruinosa Say), have been taken. 

Tree stratum: The tree stratum of this girdle has not been studied, 
because the study of the tree stratum in general is difficult. The white 
ash is, however, attacked by many insects. Felt (137) and Packard (154) 
record a number. One of the most difiicult groups to secure is the 
"borers" of the solid wood or sapwood of trunk and twigs. These are 
chiefly beetle larvae, especially the Cerambyctdae (155), or long-homed 
beetles. The larvae of these are legless and only slightly larger at tfa^ 
anterior end. Another prominent family is the metallic wood-borers or 
Buprestidae (155). The larvae of these are also legless and may be dis- 
tinguished from the preceding by a broad, flattened enlargement just 
behind the head. The ecology of these two families alone is a subject 
for a work the size of this volume (see 137 and 154). The four-marked 
borer (Eimria quadrigeminata Say) is said to occur on the ash through- 
out Indiana (156). The elm and basswood likewise have many borers, 
some in common with the ash. 
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The insects feeding on the leaves are numerous on all the trees. The 
following are common to the three trees mentioned (137): the cater- 
pillars of the hickory tussock-moth, the American dagger-moth, the forest 
tent caterpillar, the white-marked tussock-moth; each has a preference 
for one of the trees. The larvae of several other common moths occur 
on two of the trees, a few are confined to one. Beetle and sawfly larvae 
also attack the leaves. Each tree has its characteristic gall insects and 
galls ; for example, on the elm, the coxcomb gall (Calopha tdmicala Fitch) , 
on the ash, the midrib gall (Cecidomyia verrucicala O.S.). These are 
believed to be confined to particular tree species. 

According to Wood (3 1) such forests are the chief haunts of the gray 
squirrel. The green heron is especially likely to nest on the low trees 
of such a forest if they are near water. 

3. OTHER TYPES OF SWAICF 70XEST COUICUNITIES 

The swamp forest formation is well developed in the Skokie marsh 
area. We have visited these woods at a point west of Dempster Street, 
Evanston. This was originally characterized by trees very much larger 
than those at Wolf Lake. The soil at Wolf Lake is sand, while that at 
Evanston is clay, which is probably more favorable for trees. However, 
the most important cause of the greater luxuriance is greater age. 
The subterranean stratum has not been studied. 

The grourtd stratum: Here we find, in addition to those species 
of the temporary ponds at Wolf Lake, a snail (ApUxa hypnorum Linn.) 
which is characteristic of very tran»ent ponds (roo). 

On November 37, 1903, the condition of the animals of this stratum 
was noteworthy. In the lower moister parts of the wood we found the 
mollusks, especially Pyramidula alUmata, in groups under logs. One of 
these groups contained 12 individuals. Under another log was a group 
of about 50 ground beetles {Plalynus sp.). Under one small piece of 
bark were found three ground beetles, three rove-beetles, one slug, and 
two snails. Under another, one tetrigid or grouse locust, several ground 
beetles, and a rove-beetle. Under the bark of a log on the above date 
we found the hibernating parasitic hymenoptera {Ickneuman extrematatus 
Cress., galenus Cress, and mendax), also a queen white-faced hornet 
{Vespa mactUata), which with its colony builds a large spherical nest 
in a tree In summer. 

Most noticeable of all was a group of several hundred small blue 
chrysomelid beetles {HaltKa ignita Illig.). They were under the leaves 
at the base of a tree down the sides of which individuab of the same 
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species were moving. Such groupings are common among hibemating 
insects and are believed to keep the temperature a little higher. Baker 
(100) has studied the wet forest near ShermerviUe, HI. In his Stations 
7-17 the forests are ecologically older. (For birds and mollusks present, 
see 100, p. 468.) 

3. THE TAICASACK SWAMP COICMUNITIES 

(Stations 54, 540; Tables XLIH-XLV) 
Tamarack swamps develop about deep lakes. Floating plant debris 
supports first water-lilies and later bulrushes and cattails. Upon these 
grow shrubs, such as the leather-leaf and the willows; these make condi- 
tions suitable for the poison sumac and young tamaracks. The semi- 
aquatic plants are thus succeeded by the shrubs and finally by the 
tamarack. 

The aquatic oommunities have not been studied in a typical tamarack 
lake, but there is no reason to suppose that they differ in any important 
way from the aquatic communities of other old bodies of water. 

a) Floating bog and forest edge association (Tables XLIII, XLIV).— 
The floating bog of cattails and bulrushes is usually full of low places in 
which water is present the year round. Here we find the typical 
animals of semi-temporary ponds, as described on p. 150. The various 
frogs of the marsh probably breed here. Another aquatic habitat of 
some interest is the water-holding leaves of the pitcher-plant (158). 
The pitcher-pUnt mosquito ^yeomyia smithit) is known to breed in the 
leaves of pitcher-plants only. These are accompanied by the larvae of 
midges and large numbers of dead insects which crawl into the pitchers 
and cannot get out on account of the presence of many hairs which pro- 
ject inward along the wall of the entrance. 

The surface of the bog is frequented by marsh ^iders, insects, and 
frogs, only a few of which belong especially to pre-tamarack bogs. The 
inhabitants of the vegetation (field stratum) are like those on the vege- 
tation over other marshes, belonging chiefly to low prairies. The edge 
of the tamarack woods (Fig. 144) is a characteristic forest margin. 
Except for the presence of some of the tamarack leaf-feeders, such as 
the larch sawfly larva and measuring-worm, it possesses few species 
different from the margins of other marshes (Fig. 145). 

b) Tamarack forest formation (Table XLV).— Fools: The pools 
within the forest proper contain old-pond animals together with some 
mosquito larvae (such as those of Cuiex canadensis) which are char- 
acteristic of pools in all moist and mesophytic forests (see 99^). 
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REPRESEHTATTVES op the TAUABACK SWAUP COUItTNITY 

Fic. 144. — View in the dense vegetation of tlie t&marack swamp. 

Fic. 145. — Female orb-weaver (E^VajijrM); about natural mm. 

FlC. 146. — The brindled locust (Jfefdfia^Iuj ^flclu/ajuj); naturalize. 

Fig. 147. — tta taxvig {Apttryiida acultala); natural size. 

Fig. 148. — Ad engraver beetle destroyer (C^ridiie, Tkanasiittusdubius); 3 times 
natural size (from Blatchley after Wolcott). 

Fig. I4g. — The baiii of the tamarack, showing the work of the engraver beetle 
iPotygraphus rufipennis). 

Figs. 150, isoa. — Pickering's tree-frog (_Hyla pickeringii); about two-thirds 
natural size (after Fowler). 



„Goog[e 



TAMARACK FOREST COMMl/lilTIES 195 

Ground stratum: On the ^hagnum, which sometimes occurs in the 
pools, various insects and aiders occur, including, according to Hancock 
(40); two species of sphagnum crickets. On the higher ground numbers 
of typical moist forest animals occur sparingly. Frogs are often numer- 
ous. The common frogs {Rami pipUns and clamata) and the marsh 
tree-frog {Ckorophilus nigriius) occur in summer. The wood-frog and 
Pickering's tree-frog (Rana sylvatka and ffyto pickeringii, Fig. 150) are 
regular residents; probably both breed in the pools (139) between the 
hummocks. Farther north the hermit thrush nests on the hummocks 
amid the dense undergrowth. This is also the typical haunt of the 
varying hare {Ltpus americanus Erx.) (83, 143, 143), which is white in 
winter and brown in summer; it is common in tamarack swamps farther 
north. The lynx (p. 15) was probably once common near Chicago and 
is most likely to have frequented these swamps. Adams (83, 42) records 
its tracks on the hununocks of the tamarack swamps on Isle Royale in 
Lake Superior. Judged by its tracks it wanders far. It feeds largely 
on hares, the numbers of which fluctuate (inversely) with the cumbers of 
lynx. The otter (Latra canadensis Schr.) and Cocqier's lemming mouse 
might be added as probable former residents (143, 31). 

Field stratum: This is confined to hummocks siq>porting herbaceous 
plants. Insects, spiders (159), etc., are common; some characteristic 
species occur. 

Tree stratum: The brindled grasshopper {Melanapltis punciidaius) 
(Fig. 146) has been found on the low branches of the tamarack and 
deposits its eggs on the bark of the trunk or on stumps. Several other 
insects have been recorded as common on the tamarack, among which 
are a sawfly, an earwig (Fig. 147), a lappet moth, and a woolly aphid, 
but we have not taken all of them. (See 137, II, 838, and I, Plate 18.) 
The tamarack is infested by bark beetles. In the swamp at Mineral 
Springs, Ind., we found one {Potygraphus rufipennts) (137}, sometimes 
also Dendroctonus simplex Lee, common under the bark of partially dead 
trees (Fig. 149). The larvae of the clerid beetle {Thanasimus dubius) 
(Fig. 148) (137) occur with the bark beetles and feed upon thism. 
The adult of the clerid (137) appears in spring, having wintered over 
as adult or in the late larval or pupal stage. It goes about on the 
bark of trees, seizing the bark beetles and later laying eggs at the 
openings of their galleries. The larvae invade the galleries and feed 
upon the eggs and larvae of the bark beetles. Felt states that two 
other bark beetles attack the tamarack (160). In this marsh the bark 
beetles have kiLed a number of trees. In summer the area of dead ones 
may be seen a mile away. 
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Farther north the black bumian warbler nests here. The tree stratum 
of primeval conditions usually included the pine marten (Martes 
americana Tur.) . It lives in trees in dark coniferous forests. Merriam 
(141) says that it nests in a boUow tree or log, rarely on the ground. 
It preys upon partridges, rabbits, squirrels, chipmunks, mice, shrews, 
birds' eggs, young birds, and frogs and toads. It disappears when 
civilized man settles the country. The marten's close relative, the fisher 
(Martes petmanti Ent.), is said to be the wildest of all wild anim^. It 
is somewhat similar (ai, aa, i6a) to the marten in habits. 

c) The pine-birch transition priU (Station 54; Table XLVI).— This 
succeeds the tamaracks and contains a few old trees of this species. The 
pools are all dry in summer, though they may contain water in spring. 
The subterranean stratum has not been investigated. 

The ground stratum includes the frogs of the tamarack formation 
{Hyla pickeringit). Insects, spiders, cent^>edes, and snails, which belong 
chiefly to mesophytic forest, are more numerous than in the tamarack 
stage. Nesting of the ruffed grouse likewise indicates that the swamp 
stage is past. The field and shrub strata likewise include more of the 
mesophytic forest animals than the true tamarack stage. 

The tree stratum has not been studied. The trees are white pine, 
yellow birch, and an occasional maple. Felt (157) records no insect 
common to these two trees. There are several conunon to the white 
pine and tamarack (larch lappet, engraver beetle, etc.). Pines have 
many borers and few leaf-feeders. Each borer usually prefers a certain 
part, as the trunk, limbs, or growing shoots; some, as the white-pine 
weevil {Pissodes strohi Feck) (161), attack young pines. Felt records 
about a5 injurious insects common to birches and maples in general 
and one or two which occur only on yellow birch. The great crested 
flycatcher nests in holes in dead limbs; the wood pewee nests on 
horizontal limbs, and the red-eyed vireo builds a nest in trees from 
5 to 40 ft. from the ground. Bead birches form suitable nesting- 
places for woodpeckers. The Canada porcupine (142) which we have 
noted in the ground stratum is a good climber and feeds largely in 
the trees, which it often girdles. 

d) The geographic relations of the animals. — Most of the non-aquatic 
animals of the swamps are commonly said to belong to species conmion 
farther north where conifers dominate. However, our lists and the 
unpublished work of Messrs. Wolcott and Gerhard do not bear out this 
conclusion. Some of the ^)edes of these swamps doubtless formerly 
occurred among the hemlocks of Southern Michigan. 
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e) Fate of tiie formation. — Most of our tamarack swamps are id the 
r^ions which are commonly dominated principally by beech and maple. 
In the higher portions of the tamarack swamps are found several species 
characteristic of beech woods and other mesophytic woods. These are 
the wood-frog, the laige slug, the snail (Polygyra albolabris) and the 
red-backed salamander (Pleikodon cineraa) and the ^ider {Caslianeira 
cinpdala). These indicate that beech and maple are to follow. 

4. fLOOD-PLAIN AND RAVINE FOREST COHKUNITIES 
As we have noted on |^. S7-93 and 108-113, streams often deveh^ 
by head-on erosion into uplands of rock or clay. 

a) Streams devdoping in rock. — ^In case the upland is of rock, the 
begiiming of the stream is a lower place in the slope of the rock through 
which water flows when it is raining. Vegetation is usually absent. If 
there are broken pieces of rock at the sides or in the course of the inter- 
mittent stream, some of the forms mentioned on p. 3iS may be present. 
Until it becomes permanent or has cut itself a deep, straight-sided 
channel, it is inhabited by the animals which inhabit the bare rock of 
hills or hillsides. After the stream has cut such a channel, there are 
always small piles of fine soils which support nettles and other mesophytic 
plants similar to those of the old mesophytic flood-plain. Flood-plain 
animals appear early in the development of the stream. 

b) Streams developing in day. — Along the north shore we have an 
opportunity to study the vegetation of ravines of all ages correfponding 
to the aquatic stages described on pp. 87-93. '^^^ slightly lower placeson 
the blu£F side in which water runs only when it is raining are usually too 
steep to support plants and animals as regular residents, and have the 
same incidental forms as the steep bluff (p. 210). Later, when the sides 
of the gully become less steep, it is similar to if not identical with the 
second bluff stage (pp. 212-214); later, like the third (p. 215), and still 
later, like the yoimg forest stage. There appears to be little or no 
difference between the bluff and the sides of young ravines. The outer 
ends of ravines as much as a mile and a half long are usually in the shrub 
stage and possess the shrub community. In favored situations the sapling 
forest, apparently identical in its animal associations with that of the bluff 
(p. 31$), grows up. Up the stream, well back from the lake, a distance 
of a fourth of a mile, conditions become very different. A very roeso> 
phytic forest grows up. In this we have possibly some !^>ecial features 
under primeval conditions, but in the ravines along the north shore 
where the forest is so much disturbed, ravines da not differ particularly 
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from the rest of the forest, but animals of the forest collect in the 
ravines in dry seasons and apparently leave the ravines in the wet 



We have noted that the animal spedes livii^ at the headwaters of a 
stream may move inland as the headwaters move inland. This is true 
of aquatic species. In the case hefore us none of the species of the young 
stream are at the headwaters of the older streams because the headwaters 
of the older streams are in the forest of the upland while the young 
streams are in the unforested and exposed bluff of the Uke. 

c) Flood-plain communities. — ^In streams not more than a mile long 
we get suggestions of a small fiood-plain near the mouth. Here we find 
ragweeds and other pi<meer plants with their full quota of animab, such 
as the plant-bug (Lygus pratensis) and other common insects of rank 
pioneer vegetation; willows with their quota of cecri^ia caterpillars, 
viceroy larvae, willow-beetles, etc., are found here as elsewhere. The 
flood-plains of such small streams are hardly typical because the streams 
are cutting downward so rapidly. They doubtless possess many special 
features of interest which are subjects for detailed and special 



Flood-plain forest b best developed am<mg such streams as the 
DesPlaines River and Hickory Creek. As the stream meanders from 
side to side of its valley, it presents points of deposition and erosion. 
The points of deposition are best for the study of the development of 
fiood-plain forest. 

Girdle of bare sand or gravel (Station 66) : On the wet portions of the 
sandy margins one finds the ground beetles (Bembidium) (156), some- 
times toadbugs (p. 180), and more rarely the mole cricket. On the 
higher and drier portions we have taken the Carolina locust (Dtssosleira 
caroHna) (40) and the two-lined locust {Mdanophts bivittatus) (40) 
hopping over the ground. 

Girdle of ragweed and helianthus (sub-formation) (Stations 66, yia; 
Table XLVII) : Here (in Sq>tember) we found several ^>ecies of spiders, 
the meadow grasshopper, long-legged flies, the leaf-hoppers, and the 
common plant-bug. This girdle is later displaced by willows. 

Willow girdle (sub-formation) (Stations 66, 71a; Table XLVH): 
When herbaceous plants have grown for a few years they become mixed 
with willows which are inhabited by animals common in low forest mar- 
gins. Here (in September) continues the same meadow grasshopper, the 
same plant-bug of the earlier stage. Two different spiders arc recorded 
{Pisaurina and Epeira). From willows along other streams we have 
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taken the larvae of tbe viceroy butterfly (163) and the larvae of the 
cecropia moth (Samia cecropia Linn.). Doubtless forest-edge birds 
nest here also. 

The belt which succeeds the willow is commoDly found farther from 
the water and has not been so much studied. It is commonly made up 
of larger willows, river maples, young elms, young ashes, and small 
hawthorns. These are usually much tangled with weeds such as nettles, 
and masses of flood trash and vines. General collecting in such a situ- 
ation along Thorn Creek (August) secured for us the large green stink- 
bug {Naara hilaris), the spiny assassin-bug {AchoUa multispinosa), and 
the broad-winged fulgorid {AmplUcepsa bivittata). On the maples are 
frequently larvae of Symmerisla (Fig. 151). On a small hawthorn were 
a number of larvae of the handmaid moth {Datana). At this stage the 
trees and shrubs become the nesting-places of the yellow warbler and 
American goldfinch, which are probably our most characteristic early 
flood-plain birds. 

In the wet ground of the flood-plain, especially tn any small depres- 
sions made by overflows, the crayflsh {Cambarus diogenes) is the charac- 
teristic resident. Under driftwood and on tbe plants of the water 
margin is the slug (Agriolimax campestris), and often also the snails 
(Succinea retma and avara). 

Such situations are also the chief haimts of the beaver, which cuts 
away tbe saplings to make its dams. The otter {Lutra canadensis) is 
particularly fond of stream margins. It feeds upon crayfishes, fishes, 
frogs, etc. It has particular powers of traveling long distances and a 
curious habit of stii&g down mudbanks and snowbanks for sport (142). 
In winter it progresses on ice by repeatedly runnmg a distance and then 
sliding as far as the momentum will carry the body. The nest is nearly 
always in the stream bank, with the entrance below water. The skunk, 
the mink, and the raccoon are also fond of the stream-margin thicket, the 
latter picking up fish or crayfish if they can be had at night. This animal 
is said to wet its food before devouring it; hence the "wachbar" of the 
Germans. The skunk likewise devours almost anything that is to be 
bad at the water's edge. 

d) Flood-plain forest association (Station 68; Table XLVIII).— As 
times passes the river cuts lower, the forest develops, and we have 
a dense forest of elm, hawthorn, ash, and basswood, with sometimes 
walnut and butternut, these being partially displaced on the higher 
ground by the oaks. This we may regard as the typical flood-plain 
forest. 
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Subterranean-ground stratum: The nymphs of the seventeen-year 
dcada and the two-year cicada together with earthworms are always 
numerous. The latter comes out on the ground under a log and ascends 
under the bark of dead trees during wet weather. 

On the ground one finds slugs {Agriolimax campestris). Under 
leaves, logs, and bark are snails {Circinaria concava, Polygyra profunda, 



REPREseyiAnvES ot the Flood-Plain Forest Animal Coumlnities 



Fig. isi.— The conunon land sowbug {PorctUio ralhkti); twice natural size. 

FlC. 153.— The scorpion fly {/"oiwr^MnaM); much enlarged. 

Fig. 154. — A sphinx caterpillar from Virginia creeper; natural size. 

Fig. 155. — The unicorn larva from dogwood ; enlarged. 

Pyramidula altemata, and Polygyra dausa, and rarely Ikyroides). Land 
sowbugs are common (Fig. 152). Of the centipedes we note the long 
ground form {GeophUus sp.) and sometimes the large millipede (Spiro- 
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bolus marginaius). The white-footed wood-mouse {Peromyscus leucopus 
noveboracensis Fisch.) nests usually under a stump or a log though some- 
times slightly under ground or in hollow trees (21). The short-tailed 
shrew {Blarina brevicauda Say) and the common shrew {Sorex personatus 
St. Hil.) are common residents. 

In the earlier days (ji) the ground stratum was occupied by the 
larger mammals. The black bear doubtless found the delicate herbace- 
ous plants desirable at certain times of the year. The Virginia deer 
occurred here commonly, and the bison and elk invaded the flood-plain 
forest in going to the rivers to drink. The timber wolf and the common 
fox, both of which formerly frequented 
all parts of Illinois, were no doubt also 
to be found. 

Under fallen logs we find all the 
animals: that are found on the forest 
floor, and some others also. When a 
tree first falls to the ground, if it be 
still solid or living, the animals which 
attack it are the same as those which 
attack it when it is standing. If the 
tree be an oak or a basswood, one of 
the first of these is the weevil (Eupsalis F^- 156— An oak borer (Eupsalis 

minuta) (Fig. 156) (155), which bur- """"f', ^"^^l'- "' "^"'i *: ^TI' 
/ \ s 3 / V 33/> ^ jjjyjj (ema]p J head of adult 

rows mto the wood. Later the larvae ^^. ^^^j^ „f p„,^ „^ .^^^^^ 
of some of the long-homed beetles are (afier Riley), 
found working under or in the inner 

layers of the bark. These are followed by the Tenthrionidae and the 
Buprtstidae larvae, or flat-headed borers (137). All these tend to let 
the water between the trunk and bark, which meanwhile has been 
loosening with every rain, then drying, freezing, and thawing, untU it 
soon becomes quite loose. The space between bark and log is loosely 
filled with the castings of the many animals that have worked over the 
outer wood and bark, and with wood and bark that have decayed with- 
out the aid of these animals. At such a time the space between bark 
and log becomes the abode of the flattened larvae of Pyrochrotdat, 
centipedes, slugs, ground beetles, and nearly alt of the smaU animals 
mentioned as belonging to the ground stratum proper. Fallen logs are 
also the nesting-places of the weasel {Muskla noveboracensis) (142, 143). 
In the autumn we find many hibernating animals under the leaves of 
the floor of the flood-plain forest. Here we have found water-striders, 
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the cutworms from the field stratum, the stinkbugs and leaf-bugs from 
the river margin, and large white-faced hornets (Vespa maculata). 

Field stratum: In early summer the forms of the field stratum are 
most in evidence. There are scorpion-flies (F^. 1 53 , p. 200) , the males of 
which have curious clawing organs at the posterior end of the abdomen. 
Biitacus, the long-legged insect, closely related to the former, flies about 
amoi^ the nettles ; it has the curious habit of seizing flies with its hinder- 
most pair of legs and holding them while they are being devoured. In 
their breeding both of these insects belong to the ground stratum. ■ 

The harvestmen, or daddy-longlegs, are always in evidence, crawl- 
ing over the nettles {Liobunum dorsalitm and ventricosum being most 
common) . Several spiders {Leucauge kortorum and Theridium/romleum) 
occur. Numerous bugs including Redumotus annulatus, syrphus flies 
(Syrpkus americanus), and aphids, with the various enemies which occur 
with them, are common here. After rains we find many animals of the 
ground stratum on the nettles and the trunks of trees. We have noted 
the slugs (Agriolimax campestris) and the snails {Polygyra profunda and 
Ikyroides) here. 

Shrub stratum: The shrub stratum is well devel<q>ed. The dogwood 
is one of the characteristic shrubs, and in early summer its leaves usually 
are covered with small bunches of foam which upon inq)ection are found 
to contain a small insect, the spittle insect {Aphropkora). The unicorn 
larva (Fig, 155) (163) feeds on the leaves of the dogwood, and the sphinx 
larva on the Virginia creeper (Fig. 154a). 

Tree stratum: The tree stratum has not been especially studied. 
The trees above the level of the shrub stratum are inhabited by many 
borers, lepidopterous larvae feeding on the leaves, and many birds nesting 
in the branches. The raccoon is especially fond of nesting high in hollow 
trees of the flood-plain forest. The opossum, which was never abimdant 
near Chicago, found a suitable place in the trees of the flood-plain with 
its wild grapes and tender herbs. Under natural conditions this is one 
of the chief haunts of the gray squirrel, now familiar in our parks (si). 
For birds frequenting the flood-plain, see Baker (100, pp. 476-78). 

The most striking peculiarity of the flood-plain forest is its frequent 
inundation. In the spring of 1908 we found the flood-plain of the north 
branch of the Chicago River inundated at a time when the nettles were 
but a few inches high. On the smatt nettles we foimd the common small 
slug {Agriolimax campestris) and the snails {Succinea avara and retusa) in 
great abundance. Caught in a comer behind a tree in some driftwood 
we found a carpenter ant (Camponotus), some flood-plain cutworms. 



,y Google 



FLOOD-PLAIN FOREST COMMUNITIES 203 

crane-fly larvae, and ground beetles. These had been swept into this 
position by the current. Wood (ai) says that the white-footed mice 
and shrews climb the trees when the stream is in flood. As the number 
of animals does not seem to be decreased after floods, the animals of the 
lower strata of the flood-plain forest must be able to withstand sub- 
mergence for days at a time. The fact that these floods come in ^ring 
and winter when the animab are inactive doubtless assists in preserving 
them because of the low ebb of their metabolic processes. 

e) Succession in the fiood-^ain forest. — As the stream works over its 
flood-plain, it is constantly destroying the forest at some points and 
depositing new materials upon which a new series develops at other 
points. The depositing sides of the curves present the early forest 
stages. Bac^ of these and higher above the stream are the older stages. 
Thus the horizontal series which we see when we pass from a depositing 
bank across the various terraces is a duplication of the vertical series at 
the oldest point or on the highest terrace. 

The higher and drier parts of the plain left by the lowering of the river 
bed, and much of the flood-plain proper, are often well drained, rarely 
flooded, and when thus drained pass n^idly into the oak-hickory type. 
At such a stage the oak-hickory animal association is present and the 
characteristic flood-plain animals have disappeared. 

/) Comparison with other moist forests. — ^There are a few species 
common to the marsh and flood-plain forests. This is true of several 
Tnaiwnialft and insects. One of the most characteristic of the insects is 
the scorpioD-fly. Many of the others belong particularly to the trees 
common to the two, such as the ash, elm, basswood, etc. 
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TABLE XUII 
Animals rsoH the Open Pse-Tamaiack Bog Dohinated by Bulbuebes, 

Sedges, and Similas Plants 
Animals recorded from Tamarack Swamps; M from the swamp at Mineral 
Springs, Ind. (Station 54), and P from that near Pistakee Lake, 111. (Station 54a). 
Numbers refer to month in which the ^>eciniens were taken, findicates that the 
species has been taken from low prairie; * that it has been taken from high. 



Midge larva 

Mosquito larva ' 

CaterpiUar 

Ground beetle (dead) 
•Orb-weaving spider 

(dead) 

•Jumping spider 

(dead) 

Snout-beetle (dead) . . 

Ant (dead) 

Water-beetle 

Flat snail 

Crayfish 

EnUmasiraca ' 

Snail , 

Snail 

tSpider {Pisauridat) . 

Running sfuder ' 

fMaish rattlesnake. . 

Ground beetle 

Harvestman 

•Oib-wcaving spider. , 

!*Ort>-weaviDg spider. ' 
Garden spider 

tDictynid ' 

•Crab spider 

tCrab spider 

Jumping spider 
umping ^ider 

t Orb- weaving spider. 
Meadow grasshopper. 

Hoosier locust 

t'Grasshopper (Acri- 

tToad-bug 

Bug (Cercopidoe) 

Bug (fulgorid) 

Braconid. 



SoCDtific Nine Hibiui 

CkiroHomus sp Pitcher-p 

Wycomyia smitkii Cq " 

Noctuinae larva ■ 

Amara fviita Lee ' 



Ant.. 

Hy {Sciomyt 

Snout-beetle 

Snout-beetle 

•Lampyrid beetle. 
Snout-beetk 



r)... 



E/Kira foliala Koch , , " 

Pkidippus podagrosui HLc " 

Listronolui colloius Lee " 

Dolkhaderus mari<u Forel " 

Hdefhorus UhoUus Say pool 

Flanorbis parvus Say " 

Camharus iiotenes Gir " 

Succinta rdusa Lea, " 

Cireimtria concata Say " 

Pisaurina u»dala Htx Surface ground 

Pirala monUina Em * 

Sistrurus caUnatui Raf " 

Platynui piciptnnis Kirby " 

LiiAuaum pande Say Vegetalioi 

Epeira prompta Hlz " 

Pleclana sUUata Hti ■ 

A Tgiopc Irifasciata For ■ 

Dictyna sublala Ht/ " 

Ruiuittia alealoria Htz " 

TiMlui duUoni Htz " 

DendrypkatUes oclavus Htz * 

Tkieditui putrpaa Hta " 

Ettgnatha liraminea Em " 

OrtMimum.ilabtrriMum Burm. . ' 

Paroxya h«osieri Bl " 

Sietubotkrus eurlipennh Han- " 

PdogoHus americantu Uhl " 

Lepyronia quadroHguiarii Say , . . , * 

Penlasramma mlkUifrons Uhler. . , ' 

Fomiica fusca lAn " 

Stptdon puiilius Loew * 

Boris confinis Lee ' 

Brackybamus dtcliis Germ " 

Tetepkorus lineola Fab 1 ' 

Listronotus inaequalipennis Boh . { * 



"ssr 


Ms 
Ms 

Ms 
Mi 


Ms 


Ms 
Ms 



Ms 
Ms 
Ms 
Ms 

Ms 
Ms 
Ms 



P 8 
Ms 
Ms 
Ms 
Ms 
Ms 
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TABLE XLIV 
Anduls Recorded pbou Mascin or Tamakack Fobesi— Fobest Edge 
Abbreviations as in Table XUII 



■ Nuac 



Scieiaific Nuh 



Spider Argiofie trifasciata For 

Snail Vilrtaindetdala Say 

Slug AgrMimax camptstrh Binn. . . 

Cunel cricket CtuihopkUus sp 

MiUteede Polydtsmus ap 

FIk^ larva LamPyridae sp 

Tortoise beetle Coploeyda biailor Ftb 

Ground beetle Pleroslichus luctMatidia Say. . 

Tree-frog Hyla versicolor Lee 

Crabquder FkilodrovHii omalui 'B)iis 

Stinkbug Euscliistus triiligmus Say 

Jumping sj^der Dendryfkantts militarts Htz. . . 

Orb-weaving ^ider. . . Epeira trifotium Htz 

Orb-weaving spider. . . Epdra tritittata Key 

Eatydid Amtlycoryfiha sp 

Ant. Formica fuica Linn 

Pickering's frog Byla pickcringii Hoi 

Beetle Langvrta gracUii Newni 

Earwig A pleryfida acuiaUa Scud 

Brindled locust ' Mdanoplus punclutatus Scud. . 

Ortt-weaving spider.. . Epeira gigas Lea 

Tumping spider ! DendryphaiUcs miliiaris Hti. . . 



Sawfly larva . , 

Caterpillar -. . 

Fly 

Long-bodied spider. , 
Harvestman ....... 

Tumping spider 

Red mite 

Ground beetle 



Nemalittae . 

Geamelridae 

Maogramma marginala Say . 
Chiracanlhiuin inciusa Htz . . 

Telragnalha graiiator Htz 

Liobunum dotsaium Say 

DtndryphatMi txtavut Htz. . , 
Trombidittm serictum Say . . . 
Platyniu deceni Say 



Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
M9 P8 
P 8 
P 8 
P « 
Ms 
M9 
Ms 
Mg 
Mo 
Mg 
Mg 
P 8 
P 8 
Ms 
P 8 
P 8 
P 8 
P 8 
Ms 
Ms 
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TABLE XLV 
For meaning of abbreviations see Table XLIII 




Commoa N>dc 


SckMlAi: Nunc 


Hkbiut 


ifS^ 


Mosouito 


Ettcranpmyx grocUh Sm 


PmIs 

Sphagnum 

Under log and 

bark 

Under log and 

bark 

Under log 

Ui^Vi.^ 

Ground under 

baric 
Ground under 

bark 
Ground under 

bark 
Early decay 

Decaying wood 

Under loose bark 
Herbs 

Undeijirowth 






Ms, 

MS9 
M69 
Mg 
M? 
M9 

M^ 
M, 

Ms, 

"mV 
"mV 

SI 


ffi^^^■■•^■:^■:" 


Copepod. . .. 


Cyclops viridis omtricanui Mar. . 








W^r't- 












Snan 








C«De-fly larva 

Ground beetle 

Swamp tree-frog 




Plernlkktu coracinus Newm .... 
CkoraphUiu nipUui Lee 




aigonquintnsit Nason 




Ms 

MS9 

MS5 


Ground beetk 

Engraver beetle 

Engraver destroyer 


Folygraphus rufifennis Kitby . . . 








Spidw 








Tkeridiumfrondeum Htz 




leaf-hopper 

Leaf-bug 




PoecUocapsus lintahu Fab. ?. , . , 




Trec-hcjjper 








Beetle {MO^ndryUat) 

Tortoise beetle 

Jumping spider 

Orb- weaving spider... 
OA-weaving spider... 
Lome snider 


Synckroa puncUtla Newm 

Coptocyda datata Fabt 


P 8 
P 8 
Mq 

V; 
SI? 

J!; 






Dendryphanta actavus Htr 

DtndryplutHies mUUaris Htz 


SfSd^''--'- 




M, 

M, 


^noppcr......... 






Leaf-bopper 
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Beetle (DermesHdM).. 

Beetle iScarabaeidae) 

Lady-beetle 

Beetle (DascyUidae) . , 
Beetle (D<u<yUidae) . . 
Beetle (Melatidryidae) 
Pummice-fly. . .. 

Ant 

IKctynid spider. 



WET FOREST ANIMALS 
TABLE XLV— CoBJiwiMrf 



Cryplerhtrfalttm MaemoTrhoidale 

Lee 

CkaUpus nenosa Pani 

Psytiobora lO-macikUa Say. . . . 

CypkoH variabilis Thunb 

Cyfkon padi Linn 

Ailopoda hitea ^ald 

Drosapkila amoena Loew 

Forputa futco lAnn 

Dictynatttblaia HU 

SyfitelisUi fioreni Cun 



Undeizrowth 





Ms 




V 




M, 




M, 




Ml 




M, 


Shnibs 


Ms 



TABLE XLVl 
E Birch-Mapls Belt, WmcB Succeeds the Tahasack a 
Mineral Spuncs 
(Stfttion s4) 



SdtaUic Sunt 



Red mite 

Stwil 

Ground beetle 

Uekndiyid beetle . 

Rovcbeetk 

Clubionid qwler. . , 

Homtoil 

Wood-frog 

SalamandeT 

Salamander 

Spider 

Itce-frog 

S^d«: '.'.\'.'.\'.V.'. 

Beetle 

Beetle 

Ant 

Leaf-beetle 



Trambidiuitt striceum Say 

PUygyra aibolobrit Say 

Plerostidau adoxui Say 

PUoto^ya ptadrimoculata Say.. . 

LisMropkus cititulalas Grav 

Castianeira cingulata Koch 

Xipkydria maculaia Say 

Rami tyltatica Lee 

Plethodon citutrau Or 

PlethodoH flutitwsus Gr 

Agdaia naena Wal 

Hyla pickeriagii Hoi 

Pkidippus audax HU 

DetidrypkoHiei mHiUuis HU . . . . 

Mitumessus obhitgut Keys 

Cypfum padi Linn 

Pholima ccmacui Linn 

CampoHohts kereuleanus Hpuptr- 

dm var. ntvebofocensis Fitch. . 
CaUipapha muUipunclaUt var. 

bifsbyoMa Kirby 



Herbs 
Shrubs 
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Animals Occukbing 



TABLE XLVri 
i« THE Ragweed and Willow Thicket Stages or Flood- 
Plain FoiEST Developkent 
(Stations 66, 67, 71a) 
Ragweed Stage 



Camn»»N>iH 


SckBtiScNuw 


BMtU UoMh 
















Meulow eiushopper. 
TamiahediJuit-W 


Xipkidiim brmpennt Sold 


H> 




!-9 


Long-bodial spider... 
Meadow grwdiopper. 


TOrapuMu hborvsa HU 




Thicket Stage 






SnAi] 


The Sucdneas above continue 


Plants 
WQow 

Gnpe 

WeedsandwiUow 
Haw 

Willow 

'willow 










Gnpe scarebaeid 

Fulgoridbug 

Cewopidbug 

Assasdn-bug 




Amphiseeta bitUMa Say 




sSte!*;;:;::::::: 






sSdS::;: : 






Bythosoopid bug 

Sawfly larva 


Idiounu snewi G. and B 




Ctepidodtra Mdexinus Lin 









TABLE XLVni 
Animals Usually Common on Hebbaceous Vegetation (Chiefly Nettles) or 
THE Riverside Flood-Plain Forest (Oak-Elm Stage) in June and July 
Those starred occur in the coiresponding stages of marsh forests. 






'Dictynid spider 

Spider (Epdrilae). 

*HBTvestman 

'Haivestnun 

False crane-fly. . . . 

:iS3'":": :;:::: 

Lampyrid beetle. . . 
Long-homed beetle. 

CUck-beeUe 

Scarabaeid beetle . . 

Snout-beetle 

Damsel-bug 

Capsid bug 

F\y (.Psilidae) 



Sdtatlfic Nunc 



Diclymt /eliacca Htz. 
Theridium frondeum Htz. 
Ltutauit kortorum Ht2. 
Liobunnm dorsotum Say 
Liobunum vtnlricosum Wood 
BUltKus sirigesui Hag. 
Patwrpa venosa Westw. 
Polyfyra Ihyroidei Say (mobt days) 
PodAna rugulosui Lee. 
Strantalia acuminata Oliv. 
Liwumiui inieriiiiialts Mebb. 
Chaiepus scapuiaris Oliv. 
Rhimmciu pyrrkopia Lee. 
Rtduvielits annulatus Reut. 
Platiotnalhui fu3cosus Prov. 
Loxocera pecloraiis Loew. 



„Goog[e 



CHAPTER Xir 

ANIMAL COMMUNITIES OF DRY AND MESOPHVTIC FORESTS 
I. iNTRomicnoN 

The forest communities discussed in the preceding chapters are those 
dispUciog aquatic communities. In a cUmate suitable for forests, trees 
spring up on high, well-drained surface materials of all kinds. Forest 
appears on rock, sand, clay, etc., first as shrubs or scattered trees, later 
as dense mesophytic forest. In the region about Chic^o ve have forest 
in all stages of development and on several kinds of material. 

The bluffs of the lake and artificial exposures of clay along the drain- 
age canal and the till uplands afford examples of development peculiar 
to this type of soil. The few outcrops of Niagara limestone and the 
quarries and rock dumps present scattered data on the history of forests 
on rock. The extensive sand areas afford examples of all stages of 
development peculiar to sand. From all these situations, we find 
forests leading toward some type related to climate, either the typical 
forest of the forest climate, or the forest of the savanna climate. 



n. FOKEST CoiOmNITIES ON ClAY 

(Fig. IS?) iSS) 

The chief areas of more or less active erosion are along the west side 
of the lake, from Waukegan to Winnetka, and on the east side of the 
lake from South Haven to Benton Harbor. The old bluffs of the ToUes- 
ton and Calimiet stages as represented north of Waukegan and at 
various other points offer valuable areas for comparison. There ate 
also similar bluffs along many of our streams, some of those in Michigan 
being very old. 

When the ice sheet receded entirely and left the outline of Lake 
Michigan much as it is now, doubtless the shore presented a more or less 
rounded profile. However, since that time waves have gradually 
changed the shore profile. By washing away the clay at the base of 
such a shore, a bluff has been developed (63). 

I. STEEP BLUFF ASSOCIATION 

(SUtions6; Table XLIX) 
a) Ground stratum (55) (Fig. 157). — ^In spring, when the frost goes out 
of the ground, leaving the clay somewhat loosened, the ground-water 



,y Google 



310 DRY AND MESOPEYTIC FOREST COMMUNITIES 

level is high, and gravitation overcomes the viscosity of the day, and 
great masses, whose consistency is that of thick mud, slump down in the 
fonn of landslides. This process naturally decreases the angle of slope at 
the points where the slumping takes place. Slumping Moes not occur 
equally everywhere and the bank becomes very irregular. Under such 
conditions the only animals present are the CoUembola. In summer the 
steep bank dries. No animals are present as actual residents. The 
bank serves only as a casual alighting-place for tiger-beetles, butterflies, 
bees, flies, and other insects. Few or no plants are present. 




Fio. 157. — U|4>er figure is a, 
dugram ahowiog Lake Michigan 
bluS as seen from the lenith. 
U, level surface of lyiUnd; BL, 
bluff; SB, sandy beach; M, 
water of Lake Michigan; /, 
piers; toward the left is north; 
sand has lodged on the north side 
of tlie piecs. AB and CD indi- 



betow. Middle figure is a cross- 
section AB. Sluminng bluff 
stage. The adults of Cifiiidda 
limbalh are distributed from A 
toB; the larvae, sparingly, from 
£ to P. Other letters as in the 
upper figure. Lower figure is a 
cross-section CP; stage of some 
bluff stability and bare clay 
exposure. Adults of Umbaiii 
between C and D; larvae plenti- 
ful between G and B. Other 
letters as above. Reprinted 
from the Jeumttl aj Morpkohfy. 



Unless something interferes with the action of the waves the same 
series of events just described continues from year to year. If for some 
reason the action of the waves is checked, the associated processes will 
be checked also. At various points along the shore piers have been built 
out into the water at right angles to the shore for a distance of a hundred 
meters or more (Fig. 157). The currents in the lake are southerly in 
direction along the west shore. Whenever water in motion, laden 
with material picked up by its action against the bluff, strikes one of 
these piers, its velocity is decreased and a part of the material is dropped 
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on the north side of the jetty. Materials thus deposited gradually 
pile up to such an extent as to protect the base of the cliff from 
wave-action. Thus the effect of the slumping of the ^ringtime 
(which tends to reduce the angle of slope) is not fully removed from 
year to year. 
d a 



Fig. 15S.— The bluff habiuis neat Glencoe, 111., showing several stages in the 
development of the forest on the bluff. The area to the right of a line between a and b 
is stable enough to support some sweet clover. Here the tiger-beetle larvae, spider, 
etc., are most abundant. The area between lines joining a and b and a and i: is in the 
early shrub stage. To the left oE ac the shrubs are denser and larger, and some trees 
are present. Reprinted from the Journal of Morfhology. 

2. SWEET-CLOVER ASSOCIATION 

(Fig. 158) (ss) 
Under the condition described above, the water of ramfall, as well 
as the slumping, reduces the angle of slope, and the bluff becomes more 
and more stable. Some of the clods of turf from the top of the bank 
stop half way down the slope. The bluff begins to support a few xero- 
phytic plants, such as the sweet clover, asters, etc. 
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Lira HisTOKV or the Clay-Bane Ticei Beetu 
(Reprinted tioin the Jevrnal ef Morpkalogy) 

Fig. 159. — From left to right — the ventral, aide, and donol view of the oviposi- 
tot of the bluff tiger-beetle (CieiiuUla linAtUis) with segmeDts numbeied; 3 times 
naturalize. 

Fig. 160. — The egg of the same in the hole Id the ground made by the ovi- 
positing 1} times natural riie. 

Fig. 161.— The egg; 3) times natural size. 

Fig. 163. — The larva, side view; k, hooks; 3 times natural size. 

Fig. 163. — The anterioi half of the larva: an, antennae; mp, maxillary palp; 
m, mandible; 0, ocelli; 3 times natural size. 

Fic. 164. — The pupa; 3 times natural siie. 




Fic. 165.— The bunow of C. limb^t, pupal cell; J natural size. 



,y Google 



ON CLA Y 213 

a) Subterranean-ground ffrotom. — Perhaps the most characteristic 
animal of the steep bluff is the bluff tiger-beetle (55, 151) (Ciciadela 
purpurea limbaUs) (Figs. 159-67). In the open places of this stage, the 
larvae, which live in curved cylindrical burrows (Figs. 165, 166), are 
common. 

The female beetle is provided with an ovipositor (Fig. 159) adapted 
to making small holes in the clay in which eggs are laid (Figs. 160, 161). 



Clav-Bank inhabitants 
Fig. 166. — View of larval burrow of the tiger-beetle; natural uze. 
Fig. 167. — The adult tiger-beetle {Cicindela Hmbalii); about twice natural aUe. 
Fig. 168.— The day-bank spider (Pardosa lapidkina). 
Fig. 169. — A snail of the shrub stage [Pelytjra monodon); etdarged. 
Fig. 170. — Tix aauy {PtlygyTa Ikyroidts)-, enUrged. 

The larva (Figs. 163, 163) on hatching from the ^g digs a burrow in the 
position of the ovipositor hole. The eggs, which are laid in June, batch 
in two weeks and the larvae live in the spot where the eggs were laid 
for one year, and transform into pupae (Fig. 164) in the ground in an 
especially prepared cavity (Fig. 165). The adult, which is a reddisb- 
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green fonn (Fig. 167), appears in the autumn and lives over winter in 
the ground (151). 

The tiger-beetle larvae are found on the bare spots and sometimes 
among the sweet clover (eggs are laid before the clover is full grown). 
They feed on any animals that crawl over the clay within reach — any 
that we mentioned may fall victims. 

As physii^raphlc processes go on, we find that more animals make 
their appearance, bristle-tails creep out of the cracks in early ^ring, and 
occasional slugs and geophilids are found hiding imder clods. A la^e 
black spider {Pardasa lapidicina) (138) (Fig. 168) and many smaller 
species are present also. More rarely one of the land snails {Pyramidula) 
b present at this time of year, crawling about under the dead vegetation. 
The mud-dauber wa^ (Pdopoeus cementarius) secures its mud (40) 
and the Carolina locust {Dissosteira Carolina) probably breeds here. 

b) PUld stratum. — Under such conditions, as summer advances the 
sweet clover grows up, and as soon as it is of considerable size it is 
attacked by aphids, which form the basis for a small consocies of inter- 
dependent animals. Many coccinelids come to feed on aphids, and 
parts of adult coccinelids have been found in the burrows of the tiger- 
beetle larvae. The golden-eyed lacewing {Chrysofa oculata) deposits 
stalked (p. 291) eggs on the plant; soon its larvae — the aphis-lions — 
are devouring aphids, as do also the larvae of syrphus flies (164). 

Crab-spiders (^Runicina aieatoria, Misumetta valia) (138) lie in wait 
in the clover flowers and thus capture the nectar- and poUen-seeking 
flies, such as Erislaiis tettax (Fig. 371, p. 370) and Syrphus ribesii Lin. 
(165). The common plant-bug {Adelphocoris rapidus) (Fig. 262, p. 366) 
is especially abundant in autumn. The honey-bee {Apis mellifera) and 
a bumblebee {Bomhus americanorum) come in numbers for nectar and 
pollen. Grasshoppers, such as Scudderia, Melanoplus femw-rubrum, 
etc., are common, and when young may fall prey to spiders such as orb- 
weavers (Epeira triviUata). Parasitic bymenoptera {Pimf^a conquisitor 
Say) are also common. 

3. SHRUBS ASSOCIATION (a F0R£ST HASGIN SUB-FORHATION) 

A little humus accumulates locally through the decay of sweet 
clover. The roots of plants in the soil and the undecayed trunks of 
the sweet clover hold this and the mineral soil in place against the 
action of the rain as it falls on the slope. Conditions become ripe 
for the germination of the seeds of other plants and for the breeding 
of other animals. Shrubs, such as the willow and shadrbush, appear 
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as scattered individuals here and there, and bring with them new 
conditions and animal forms. 

a) The sublerranean-grouttd stratum. — In addition to Pyramiduia 
mentioned above, other snails appear, especially in the more moist spots 
on the bank. These are ZonUoid«s, Potygyra monodtm (Fig. 169), 
and P. thyroides (Fig. 170). Centipedes {Geopkilus) and millipedes 
{Palydesmidae) become more numerous, while the spiders {Pardosa 
lapidiana) (Fig. 168), the tiger-beetle larvae, and other soil-inhabiting 
forms decrease. 

b) Fidd stratum. — ^The field stratum of the shrub stage does not 
differ strikingly from the preceding, as it consists mainly of pUnts of 
the earlier stage scattered among the shrubs. 

c) Shrub stratum. — ^Here we have the characteristic inhabitants of 
shrubs. On the young aspens and willow are the larvae of the viceroy 
butterfly (163). The common gall on the willow is the pine-cone gall, 
caused by Cecidomyiidae (137). Beneath the leaves of the cone we have 
found long slender K^g^ of some orthc^terous insect (probably Xipktdium 
ensijerum) (40, p. 42S). We have no record of the nests of birds, but 
many of the forest margin birds nest here (see pp. 374-75 and Table 
LXIV, p. 277). 

4. YOITNC FOSEST STAGE 
(Fig. 171) 

Shrubs and seedlings of trees become more and more numerous. 
The swet;^; clover and most of the animals associated with it disappear. 
Young trees, such as oak, hickory, hop, hornbeam, etc., grow and usually 
gi\'e rise to a sapling forest. 

a) Subterranean-ground stratum. — This stratum has all the characters 
of the more dense and mesopbytic forest ground stratum and largely be- 
cause of the springy character of the blu0 which supplies much moisture. 
The woodchuck {Marmota monax) (142) sometimes digs in these banks. 
In the open places in which small areas of soil are covered with only a 
few leaves we find the larvae of the green forest tiger-beetle (CictTtdela 
sexgutlata) (55, 151) which lays eggs in shaded places (Figs. 171, 173). 
Under the leaves the snails, which were recorded in the younger stages, 
and sowbugs are present. We find snails and slugs {Polygyra profunda 
IFig. aao, p. 237] and albolabris [Fig. 240, p. 243], PhUomycus caro- 
linensis [Fig. 231, p. 241]), which are commonly abundant in dense 
woods. The Myriapoda are also more numerous and belong to different 
species. Fontaria corrugate (Fig. 218, p. Z37), which has the margins 
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The Bluff Forest 
F^G. 1 7 1 . — An open place in the oak and hickory forest o( a Tenneuee m 
ude, a typic&l %nt:n tiger-beetle (Cicindcla teigulUiia) habitat. The individuals wen 
seen copulating on the log in the for^round. The general aspect is ver^ similar 1< 
that of the bluff forest. (Reprinted from the Journal of Uorphthty.} 




172 173 

Fic. i73.^The black dots represent the distribution of the larvae of C. stxguttaia 

fiom %gs laid in a cage. The larvae are in the exact position in which eggs are laid. 

The stii^iled area is in shadow in the middle of the day. 
Fig. I7J. — Diagram of a burrow of Ckindela sexguttato. 
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of the segments striped with yellow, is one of the most characteristic 
of moist,woods,^while others {Geophiius rubens and Lysiopetalum lac- 
tarium) are not uncommon. Ground beetles {Calatkus gregarius Say) 
and bugs (Reduviolus subcokopir(Uus) occur. In logs of fallen basswood 
we found the larvae of Tenebrionidae and Cerambyddae and of horotails, 
the burrowing hymenoptera, and the Mycelophilidae larvae (Sciara) 
(Fig. 174) (165). 

c) Fidd stratum and shrub straium. — ^Tbe field stratimi has been but 
little studied. We have taken a few Scudderia nymphs, some spiders, 
and bugs, but no adequate study has been carried on. 

d) Tree stratum. — This has likewise been but little studied, but in 
these young forests, while the ground stratum b like that in the older 
forest, the tree stratum is poorly de- 
veloped because the trees are short 
saplings. As time goes on, however, 
the forest becomes more dense. Such 
a forest may be seen on the bluff at 
Lake Btuff, lU. 

5. OTHER BABE CLAY FOBESTS 

Other bare clay young forests may 
be seen along the dumps of the drainage 
and Chicago-Michigan canals at Siunmit. 
Here we find practically the same stages 
as at Glencoe on the lake bluff. There 
are the steep clay bluffs with no perma- 
nent residents, the semi-stable bluffs, or 
weed-occupied areas. These are like the 
semi-stable bluffs at Glencoe but the tiger-beetle is another species and 
selects more nearly level places; otherwise it is very similar in habits. 

The shrub stage occurs but is without the snails, since the ground- 
water level is lower and the moisture in the soil of tbe lake bluff is wanting 
here. This causes the development of the ground stratum to lag behind, 
while it is in advance in the bluff forests. Accordingly we find a sapling 
forest made up largely of cottonwoods. This has not been studied. 

m. FoBEST CoifmrNiTiES ON Rock 
(Station 55) 
The rock exposures near Chicago are not numerous, and we have 
studied only those at Stony Island. There the bare rock is inhabited 




Fic. 174. — One of the fungus 
goats (Sciara sp.) tbe larvae of 
which are commonly found under 
the bark of trees, feeding on fungus. 
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by incidental forms, such as the Carolina locust {DissosUira Carolina f) 
(40), with occasionally the red-legged locust {Mdanopitts fetiatr- 
rubrum) and the two-tined locust {Mdanophis bivUtatus). Under rock 
fragments we took the ground beetle {Anisdactylus interpunctahts) and 
the common cricket {GryUus pennsylvanicus). Hancock (40) states 
that the smooth cockroach (IschnopUra inaequalis Sauss) and the large 
cockroach (/. major Sauss) occur in such situations. We found the nest 
of a spider (AgeUna noma) attached to one of the loose rocks. 

Other stages have been studied only superficially. In the cracks 
and crevices of rocks and rock piles, shrubs and vines grow and the 
young forest, field, and shrub strata have all the appearance of the 
ihrub stage on clay at Glencoe. The animals are for the most part those 
common to thickets. 

IV. Forest Cohuunittes on Sand 
In chap, iii, pp. 46, 47, we discussed sand areas and their distribu- 
tion. In chap, viii we noted the series of ponds and ridges with a little 
regarding their origin (pp. 136-40). Theirgeneral relations are indicated 
by Figs. 83, p. 137, and 84, p. 139. It appears that the margin of the lake 
may, under conditions of rapid recession, become the margin of an inland 
pond. Under condition of slower recession this belt may be buried and 
hence come to lie beneath such belts as lie farther inland. Since the 
sand areas about Chicago represent all the stages in the development 
of forests, beginning with the bare sand and ending with the beech 
forest, it is my purpose in the remainder of this chapter to follow the 
animal associations and formations of forest development. Some of the 
stages will be taken from till areas, but this is because these stages are 
more eictensive than the corresponding stages on the sand dQ>osits. 

The chief stages are the wet sand of the water margin, the middle 
beach, the cottonwoods, the old cottonwoods and pine seedlings, the 
pines, the black oak, the black oak and white oak, the black oak-white 
oak-red oak, the red oak-white oak-hickory, the basswood-red oak- 
white oak-maple in moister places, and the beech and maple. 

1. THE WATER MARGIN ASSOCIATION 

(StaUons 56, 58; Table XXXVIII) 

One morning early in June, we walked along the beach of Lake 

Michigan for a mile and a half, for the particular purpose of studying 

the animals of the zone within the reach of waves. Animals were few, 

"only stragglers of the regular residents which we have noted on p. 181. 
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The day was warm and a strong southeast wind was blowing. In mid- 
afternoon there was a small shower and the wind changed to a strong 
northeaster. At 4 p.m. we paid another visit to the beach. The waves 
were rolling moderately high and the beach was covered with a host of 
insects, chiefly alive, though many were dead. The beach was lined 
with live forms crawling away from the water. Often the live ones 
were still clinging to small sticks upon which they had floated ashore 
by the fifties. These insects rq>resented all orders, belonging to various 
habitats near the lake. There were large forest margin bugs, potato- 
beetles, lady-beetles, horseflies, robber-flies, buttei£ies, water, marsh, 
prairie, and forest inhabitants which had been blown in the lake in the 
forenoon. With them were occasional fish, some with large round scars 
showing the work of the Idmpreys (166); others that had evidently died 
from other causes. On other occasions dead muskrats, dogs, cats, birds 
of all kinds have been found in these lines of drift (167). On one 
occasion, birds, chiefly downy woodpeckers, were so numerous that 
one could almost step from one to the other, had they been equally 
spaced over the half-mile of beach upon which they were strewn, Need- 
haro (16S) has studied the drift and gives an account of the numerous 
beetles that came ashore. 

In a few days after such a storm, one finds the various insects that 
washed ashore either lying dead, or alive under the chips, sticks, and 
carcasses which came with them. Flesh-flies detect the presence of the 
food very quickly, and often come to dead fish inside of ten or fifteen 
minutes (169). These flies belong to the families Sarcophapdae and 
Muscidae. As a result of storms which float the bodies of animab 
ashore from time to time, the flies always find a sufficient quantity of 
decaying flesh to maintain the species. The flies are in competition with 
a large number of scavenger beetles: e.g., a hister (Saprinus patrudis 
Lee.) which feeds on carrion (SUreopalpus badiipenttis Lee.). Several 
species of rove-beetle complete a partial list of the other scavengers 
usually more or less abundant on the shore. The larvae of Dermcstidae 
have been found under the dry remains of fish which had been worked 
over by the carrion-feeders. 

Preying upon these and upon the insects that come ashore are the 
tiger-beetles {Cictndela kirticoUis and cuprascens) (151, 170) which pick 
up the flies that they often are able to seize while ah'ghting on the ground. 
They also capture the maggots of the flies when they leave the carrion, 
and the lady-beetles and other small insects which come ashore. Several 
species of the ground beetles and occasional shore bugs {Saididae) are 
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found, while the digger-wasps and robber-flies of the beach farther back 
come here for fiies and other prey. The spotted sandpiper picks 
maggots from the bodies of dead fishes. Mr. I. B. Myers states that 
skunks visit the beach in the night and feed upon the drift. 

2. UIDDLE BEACH ASSOCIATION 

(Stations 57, 58, 716) (Fig. 175) 

The belt within the reach of ordinary waves is usually wet. The 
belt a little higher up, farther from the shore, is characterized by more 
permanent residents. From the often wet margin to the first cotton- 
woods is the middle beach (Fig. 175). 

This middle beach is usually dry in summer but is reached by the 
waves of severe storms and often covered by snow and ice to great 
depths during the winter. It is the final lodging-place for the driftwood 
which stops temporarUy farther out. This belt arises in the place of 
the preceding through the former being buried by the depositions of 
sand. In digging into the sand here or elsewhere one usually encounters 
wood and other traces of organic matter. 

a) Subterranean-ground stratum. — In the lower places where the 
ground is usually moist, we find the larvae of Cicindela hirticoUis (170) 
which live in straight cylindrical vertical burrows about 6 in. deep. On 
higher ground, where there is the beginning of the incipient dunes, are 
the occasional larvae of the white tiger-beetle {Cicindda le^ida) and the 
burrowing spider {Geolycosa pikei), which has a burrow similar to the 
tiger-beetles, but larger, and always distinguished by the presence of a 
tubular web at the entrance. Burrowing beneath the sand is the white 
carabid(Geo^mtu»>MTajjalujDej.)andtermitesor white ants. The latter 

Ikhabitaxts of th£ MmDLE Beach 

Fig. 175. — General view showing the line of cottonwoods and the scattered 
driftwood. 

Fig. 176.— The Urva of one of the cabbage butterflies {PUrit frotodke Bd.); 
fouDd on sea rodcet; much enlarged. 

Fig. 177.— Pupa of the same. 

Fig, 178.— a log on the beach; favorite habitat of the tennites (Jermtsfiavipes). 

Fig. 179. — Tennites; a, queen; i, nymph of young female; c, worker; tf, soldier; 
twice natural uze (after Howard and Marlatt, BtiU. 4, Dir. Enl., U.S. D. Agr^- 

Fig. 180.— The older cottonwoods of the cottoowood belt. 

Fig. 181.— The adult white tiger-beetle (CHrifofeiafepJrfo); twice natural size. 

Fic. iBi. — The burrow of the larva of the white tiger-beetle. 
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IjniABtTAMTS Of THE MIDDLE BEACH 
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feed on decaying wood (Fig. 178) and make tfaelr way to the under side 
of wood lying on the beach (Fig. 17.9). The bank swallow often nests 
in the sides of vertical sandbanks. Under the driftwood we find the 
scavengers and predatory spedes of the preceding belt. They q>end 
their time here when the beach is not well covered with food. The 
sand-colored spider {Trochosa cinerea) (138) is a regular resident. The 
common toad finds shelter beneath the driftwood during the day, going 
forth in search of food at night. After sleeping near the beach one night 
we found the sand about where we had lain crossed and recrossed by the 
tracks of the toads and other smaller animals, such as beetles, spiders, 
etc. The toad finds food abundant near the shore. The white-footed 
mouse occa^onally nests here under the largest driftwood: The spotted 
sandpiper and piping plover nest here occasionally. 

b) Field stratum. — There are occasionally very young seedling 
cottonwoods. Sea rockets and some other plants grow in this belt. 
Occasionally we find the larvae of a cabbage butterfly (Puris protodice 
Bdv.) (171) on the sea rocket (Figs. 176, 177). There is no shrub or 
tree stratum. 

3. THE WHITE TIGER-BEETLE OR COTTONWOOD ASSOCIATION 

(Stations 57, 58, 59; Tables L, LVI, LVII) 
(Fig. 180) (115) 

This begins with the line of young cottonwoods which we see in 
Fig. 175. The beach belt sometimes overlaps it because the large 
driftwood is sometimes mixed with the cottonwoods. The cottonwood 
belt is underlaid by the two preceding, and has succeeded them. 

a) Subterranean-ground stratum.^HcTt the white Uger-beetles (Figs. 
181, 183) reach their manmum abundance and the openings of their 
cylindrical burrows are numerous; the termites continue wherever there 
is wood for them to feed upon; the burrowing spider is commoner 
here than in the preceding zone (172). This is pre-eminently the zone 
of digger-wasps (173). Here the holes of Microbembex monodonta 
(Fig. 183) are numerous. This species is somewhat gregarious, the bur- 
rows usually beii^ in groups. They probably store their nests with flies 
secured often from the beach. Another larger bembex (Figs. 184, 185) 
(B. spinotae) also stores its nest with flies. AnopHus dtvisus, the 
black digger, stores its nest with spiders. The velvet ant (MutUla 
omativentris) is present. Dielis plumipes appears in May and lays its 
eggs in the sand. 

The robber-flies (Erax) (Fig. 186) (165) {Promachus verlebratus) (Fig. 
187) are common; their larvae Uve in the sand as parasites on other 
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species. Some bee-flies [Exoprospa) (Fig. 18S) lay tbeir eggs at the 
entrances of the burrows of Microhembex. The roots of the beach grasses 
are probably attacked by the larvae of snout-beetles (Spkenopkorus) 
(Fig. 189) (1 74) of which several species are very common in the vicinity. 
The white grasshopper (Trimerolropis maritima) (40) and the white tiger- 
beetle {Cicindela lepida) are most characteristic. The long-homed 
locust iPsinidia fenestraiis) (Fig, 189) occurs commonly. 

() Field stratum. — The field stratum is made up of animals that 
occupy the grrsies, sagebrush, and a few other xerophytes. Animals 



Digger-Wasps or the Cottonwood ok White Tiger-Beetle Association 
Fig. 183. — Photograph of a number of the burrows of one of the digger-wasps 

(Microbeinbtx monodonla) at Pine, Ind. 

Fig. 184. — KA\gga-fiasp(fieiHbexipiiiclae); about twice natural mzc. 

Fic. 185.— ^A sectional drawing of a burrow of the digger-wa^ (BetiAtx apinoUit); 

reduced (after the Peckbams, Wis. Ceo), and N. H. Surv.}. 

are few. An occasional red-legged locust {Melanoplus femur-rubrum) 
occurs here. Midges, mosquitoes, and the flies which breed on the beach 
rest on the leeward side of the grasses (169). Various native sparrows 
are common in fall, feeding on grass and weed seeds. 

c) Shrub stratum. — On the young cottonwoods we find the crab- 
spider {Philodromus alaskensis), often with its appendages stretched out 
on the petiole or midrib of a leaf. The animals feeding on the cotton- 
wood here are few. In early spring the willow blossoms are frequented 
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by pollen-gathering insects (Andrentdae, Apidae, syrphus flies, etc.). 
The kingbirds feed on these insects; one article of their diet, tlie robber- 
flies, is always common. A chrysomelid beetle {Disonycha quinqumittata) 
commonly feeds upon the willow. The cherry is attacked by aphids 



Fig. 186. — A robber-fiy (_Erax sp.); 3 times natural size (after Williston). 



Fic. 1B7.— Robbet-fly (Pm- 
maclius vtrUbratus Say); natural 
size (after Washburn from Willis- 
ton). 

Fig. 188,— a bee-fly (Exaprosopa 
sp.); li times natural size ((rom 
187 WiUiston after Kellogg). 

which attract the Cocdadiidae, and the syrphus flies. Cherries are 
eaten by many birds. 
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d) Tree stratum. — ^The cottonwood is attacked by many borers. 
The most characteristic is Plectrodera scaiator, which is not common. 
There are few leaf-feeders excepting two gall aphids; the petiole gall is 
due to the work of Pemphigus populicauUs, and the terminal gall to 
Pemphigus vagabundus (137). These occm- on the cottonwoods altmg- 
the lake rarely, being more abundant farther inland, where they are 
protected from the severity of winter. The osprey nests in trees, and the 
tree-swallow in the dead ones. 

We have noted that this association often arises through the burying 
of the preceding one. Deposition of 
sand is the chief cause of succession 
up to this point. When cottonwoods 
and grasses begin to grow and digger- 
wasps b^;in to burrow, organic mat- 
ter is continually added to the soil. 
The grasses die down from time to 
time, the roots and leaves of the 
shrubs and other plants add humus. 
The myriads of digger-wasps which 
go elsewhere (probably commonly to 
the beach) for the animals with which 
to store their nests add a large amoimt 
of organic matter at a depth of a few 
inches. The grasses bind the dune 
sand; the conditions become favorable for other plants. At such a 
stage the bunch-grass and seedlings of pines appear. 

4. TKAHSITION BELT 
(Station 58; Table L) (Fig. 190) (115, 170) 
The stage of mixed pine seedlings, old cottonwoods, and the begin- 
ning of the bimch-grass constitutes a well-marked belt. Along the 
shore, from Indiana Harbor to Gary, there was formerly a ridge upon 
which the lakeward-facing side supported the typical community of the 
cottonwoods and the landward side the transitional belt. When one 
crosses to the landward side of such a ridge he notes a change in the 
animals. The white tiger-beetles and the maritime grasshopper are 
practically absent. Digger-wasps are abundant. The larvae of the 
large tiger-beetle (Cicindela formosa generosa) (Figs. 191-193) with their 
pits and crooked holes are added, but they rarely invade the dense pine 
areas. Another grasshopper (Fig. 194) (Mdanoplus atianis) and an 




Fic. 1S9. — The long-homed locust 
(Psiiridia ftneslraUs) (after Lugger). 
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Fig. 190. — The cottonwood and young pine area at Buffington, Ind. 
Fig. 191. — The burrow of one of the tiger-beetles rewlent here. 
Fig. 191. — The same opened, blowing the stove-pipe form of burrow opening 
inlo the side of the pit shown in Fig. 191. 

Fig. 193.— The adult beetle (Cidndela /ormosa gcnerosa). 
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occasional M. angusUpennis are added (40). The burrowing spider 
{Geolycosa pikei) (Fig. 200, p. 230) continues in the open places. 

5. THE CICINDEIA IXCONTEI OR PINE ASSOCIATION 
(Stations S7, S*. 591 Tables L, LI, LVI, LVIII) (Figs, aoi) (115, 170) 
a) Subterranean-ground stratum. — Here we find the larva of the 
bronze tiger-beetle {Cidndela scuUllaris leconiei) (170), with its straight, 
cylindrical burrow. Several digger-wasps of the earlier stage are 
recorded as continuing. The ant {Lasius niger americanus) nests 
beneath the sand and was seen swarming in early September. The 
burrowing spider continues and an occasional cicada lives deep beneath 
the sand. The six-lined lizard (Cnemidopkorus 64ineatus), the blue 
racer, and the pond turtle {Ckrysemys marginata) all bury their eggs 
beneath the sand. There is an occasional thirteen-lined ground squirrel 




Fig. 194. — The lesser migratOTy locust {Mclanoptiu atlants) (after Lugger). 

(Citellus ij-lineatus) (162), though it is never common. The surface 
of the ground is frequented by the adults of the tiger-beetles, digger- 
wasps, the six-lined lizard, and the blue racer (157). The grasshopper 
of the transition belt continues and two others are added, so that we 
have the long-horaed locust, the narrow-winged locust, the lesser locust, 
the mottled sand-locust (Sparagemon wyomingianum Thorn.), and sand- 
locust {Ageneotettix arenosus) (40). The ruffed grouse nests here occa- 
sionally. 

b) Field stratum. — Arabis lyrata is a common herb. ShuU (175) 
found that the larva of a cabbage butterfiy feeds upon this. He 
watched a tarva crawl on one of the bunches of bunch-grass for six 
hours before it began to ^in the bed of silk preparatory to pupating. 
This was about 3 in. above the ground. Midges and mosquitoes are 
common and dragon- and damsel-dies are nearly always in evidence 
resting on the grasses and herbs and picking up the midges and mos- 
quitoes whUe on the wing. Occasional Monardas support crab-spiders 
which resemble the blossoms closely (Dictyna foliacea). The flowers 
are visited by bees and flies. 
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c) Shrub stratum. — Here we have the young pines, the juniper, and 
the willows. From the evergreens we secured several spiders {Phila- 
dromus alaskmsis, Dendryphant<s octavus, Theridium sfnrale, and 
Xysticus formosus) (172), and with them sometimes an assassin-bug 
{Diplodius luridus). On the willows are some characteristic willow- 
feeders, but they appear to prefer the more mesophytic depression 
shrubs. 



Inhabitants of the Pine 

Fic. 193. — The nest of the kingbiTt) {XyranHua tyraunus Lido) in a pine tree. 
The nest is made from the string of a fisherman's net. 

Fig. 196. — The pitch mass of the pitch-moth (Erelria comsUKkianal); twice 
natural size. 

Fig. 197. — The larva removed from the mass. 

Fig. 19S. — The larva of the pine engraver beetle dps grandicoUii)', much 
enlarged. 

Fig. 199. — The adult of the same, from Pinus bankiiana. 

d) Tree stratum. — The pine is attacked by many borers and few 
leaf-feeders. Of the borers several broad-headed grubs have been taken. 
The bark beetle (Jps [Tomicus] grandicoUts) (Figs. 198, 199) (137) is 
common under the bark of dead and dying trees, especially on the north 
side, where the trees stand unprotected. The twigs are attacked by the 
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pitch-moth {Evetria comstockiana?) (Figs. 196, 197) (137) which feeds 
on the new shoots, covering itself with a tent made of pitch and its own 
excreta. About the bases of the needles, or where pitch is exuding, we 
often find small larvae resembling Cecidomyiidae fly larvae, but we have 
found no pitch-mictges, chrysomelid flea-beetles, spittle insects, or other 
enemy of the eastern hard pines which grow in thicker stands. More 
careful study of these trees at frequent intervals throughout the grow- 
ing season would probably greatly increase the h'st of both borers and 
leaf-feeders. 

The hairy and downy woodpeckers nest in the hollow trees. Their 
deserted holes are later used by the black-capped chickadee and the 
screech owl. Farther north the pine grossbeak find crossbill nest in the 
live pines. The golden-crowned kinglet and the black-throated, green, 
and pine warblers are abundant here during the migration period. They 
nest in the pines farther north, and, according to Butler (108), not infre- 
quently at the head of Lake Michigan. Dr. Stephens photographed a 
kingbird's nest made from cord from a fisherman's net (Fig. 19s). 

The pines prepare the way for the oaks, which appear first as seed- 
lings, usually becoming more dense with time and finally crowding out 
the pines. 

Moving dunes and "blowouts" (depressions in the sand made by 
wind) are common at the head of Lake Michigan. The latter vary 
from a few feet square and a few inches in depth to some scores of feet 
in depth and diameter. Dunes, hundreds of feet high, move from place 
to place. On these the bare-sand conditions of the cottonwood and pine 
associations occur in areas generally dominated by black oak. Here con- 
tinue the animals of these two belts, with the possible exception of the 
maritime locust. The typical black-oak forest always possesses these 
"blowouts," but surroimding them and under the trees we note the 
typical herbaceous and shrub growth, and it is with this and the oaks 
that we are next concerned. 

6. THE ANT-UON OR BLACK-OAX ASSOCIATION 

(Stations 57, 60, 6[, 62; Tables L, LH, LVI, LIX) 
(Fig. aoa) (lis, ^o. 176) 
Among the black oaks are open spots of relatively stable sand. 
These small areas may possess some of the same species as the pine areas, 
but other species give them individual chara.cter. In the black-oak 
stage proper, bare sand is limited. The bronze tiger-beetle (Cicindela 
scutellaris lecoatet) (Fig. 304) which is parasitized by the larva of a bee- 
fly {Spogoslylitm anale) (Fig. 305) is abundant (isia.) 
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Repkesentatives of the Pis'e A.VD Black-Oak Association 
Fio. loo. — Tbebarmn of a^ ground spider IGtolytosapikei); about natural size. 
Fig. aoi.— General view in the pines. Fic. loi. — General view among the oats. 
Fic. loj.— The ant-lion and the pupa and adult into which it transforms. 
Fig. 204. — The <q>ening of the burrow of the bronze tiger-beetle (Cicindela 
sculeilaris leamlei); natural size. 

Fig. 305. — Tht bee-6y iSpotostyliim aiiale); twice natural size. 
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a) Subterranean-ground if ra/uffi.— Several digger-wasps and para- 
sites not found in the earlier stages occur among the more closely placed 
vegetation here {Epeolus pusiUus, a parasite, Specodes dickroa, and Ody- 
nerus anormis). A megachilid or leaf-cutter makes a nicely matched 
thimble-shaped cell. This cell is placed at the end of a burrow about 
2 in. below the surface of the sand. The burrow is about 4 in. long. The 
leaf-cutter is attacked by a parasitic bee (Coeloixys rufitarsus) which 
lays its eggs upon the larval cell. One sunny day we found the digger- 
wasp (Ammophila procera) (173) with a black-oak caterpillar {Nadaia 




Repkesentatives of the Black-Oak Community 

Fig. 30b. — One of the solitary wasps {Ammophila proura), with the oak-feeding 
larva (NaJata gibbosa), which it has carried to a point near its nest and laid upon the 
ground; 1} times natural size. 

Fig. »07. — Female ctab spider (J/('shim<ish! asperalus) (after Enierton); enlarged. 

Fig. 208.— Male of same. 

Figs. J090, 209*.— The flatbug {NeurocUntis simplex) which lives under the bark 
on the dead oaks. 209a is a side view, mucb enlarged. 

gibbosa) (Fig. ao6) (137). When first observed, the larva was lying on 
the grotmd and the wasp was moving about some 6 in. away. As we 
approached, the Ammophila, apparently disturbed, seized the large 
caterpillar and ran into the adjoining vegetation, where it was captured. 
All the forms mentioned as breeding beneath sand, feed at the surface 
of the soil or upon the vegetation. In open places among the black 
oak we find the same grasshoppers as in the earlier stages. The hog-nosed 
snake (40) is common; it spreads and flattens out its head when dis- 
turbed; when handled roughly it often goes into a death feint, such as 
the oriental snake-charmers produce in their poisonous snakes by pres- 
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sure on the back of the neck. In this state it can be handled as if dead, 
laid in any position, or tied into a knot. The only movement it persists 
in making is that of turning its ventral side uppermost. Ant-lions (Fig. 
203) are very rarely found at the south end of Lake Michigan, except 
in the oak belt. They make cylindrical conical pits in the sand (177, 
179). The most characteristic species under the bark of fallen oaks is 
the flatbug (Fig. 309}. 

b) Thejidd stratum. — ^This stratum is dominated by many flowering 
plants, such as Monarda, etc. The addition of a host of insects and 
spiders not present in the earlier conditions is noticeable. Of the grass- 
hoppers we add six species (Scudderia texensis, Xipkidium strichtm, 

Chloealtis conspersa, 
Schistocerca rubiginosa, 
Oecanthus Jasciatus, and 
Conocepkalus ensiger) 

{40). 

The andrenid bees 
{Agaposkmott sfiendens) 
and various robber-flies 
are numerous. On the 
Monarda the honey-bees, 
bee-flies (Fig. 210), bum- 
blebees, and spiders {Mis- 
umessus asperahis [Figs. 
207, aoS],Dictynafoliacea, 
Fio. 110.— A bee^fly (.Bombylius najo, Linn.) Agriope trifasciata, and 
(from Williston after Lugger). Epeira sp.) are common. 

The blueberry is com- 
monly one of the small herbs of the field stratum and upon it ve find 
several characteristic galls. 

c) Shrub stratum. — ^This stratum is made up of the choke-cherry, 
young oaks, rose, etc. The shrub which has been given most attention 
is the choke-cherry. On this the lacebugs (Fig. 211) are often numerous; 
the puss caterpillar (Cerura sp.) (163) sometimes occurs. This cater- 
pillar has a pair of long projections at the posterior end. When disturbed 
it extends and waves these projections and thus makes of itself one of 
the most fantastic of our caterpillars. 

Grapevines are not uncommon on the dunes and we often find a 
curious red petiole gall on them, which is not common elsewhere. The 
lai^ fleshy larvae of the achemon sphinx (163) are sometimes taken. 
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d) Tree stratum. — ^The black, oak (137) is attacked by a large, light- 
green larva which has a narrow yellow stripe down its back {Nadala 
gibbosa). It is also attacked by several slug caterpillars which we have 
been unable to identify. The beautiful prominent larva with a saddle 
of red is occasionally taken. Commonly feeding on the juices of 
the leaves are several species of leaf-hopper {Typhlocyba querci var, 
bijasciaia), the common grapevine leaf-hopper, and the white black- 
marked leaf-hopper which occurs also on the hickory. The oak tree- 
hopper (Telenwna querci) (Fig. 313) is a common leaf-sucker. Squirrels 
are probably occasional visitors as they come to feed upon acorns. The 
acorns are also often attacked 
by weevils. 

In such a set of graded 
forest stages as we are dis- 
cussing it is possible to note 
many stages. The stage 
which we have just de- 
scribed passes more or less 
rapidly into the next, the 
rate of change depending 
upon the height above 
ground water and the degree 
to wtiich the sand is shifted 
by the wind. On the parallel 
ridges, the next and perhaps 
most notable forest stage contains white oak and red oak and is found 
in pUces on the Tolleston, Calumet, and Glenwood beaches. The 
ecological age of the forest is determined by the height above ground 
water. Ridge 93, inside the Tolleston Beach, is low and forest has 
progressed as far as on the older beaches. 

V. Mesophytic Forest Foemation (115, 170) 

r. HYALIODES OR BLACK OAK-RED OAK ASSOCIATION 

(Station 63, also near stations 27 and 65; Tables L, LIII, LVI, LK) (115) 

This is represented at several points. 

a) Subterranean-ground stratum. — In this stratum the woodchuck 
or groundhog is common (142). Earthworms have begun to appear. 
The root-borer Prionus (155) and several species of ants are common, 
while the numerous digger-wasps of the earlier stage have largely dis- 
appeared. The depressions which contain water in spring are typical 



[I. — The tacebugs common on the oak 
and wild cherry in the dune region {Corytkuca 
arcuata) ((tom Washburn after Comstock) ; 
o, aduiti b, young. 
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forest temporary ponds. Beneath the leaves and wood are snails 
(Zonitaides arboreus), millipedes (Polydesmus sp.), and centipedes (Litho- 
bins sp.), and in dry weather Pciygyra thyroides and mtdtilineata. 
Ground beetles and rove-beetles are common. One finds Cicindda 




Fig. j 



—The oak tree-hopper {TeUtmona querci) (after Lugger). 



sexguttaia, the green tiger-beetle, here rarely; it is much commoner in 
later stages, however. 

In the decaying logs and stumps are darkling beetles (i 56), numerous 
wireworms (Elateridae), and myriopods. Sometimes fungus-feeding 
beetles {Diaperis kydni and Emlrophus lormetUasus) are present in 
numbers. Ants are also often 
abundant. Carpenter ants are 
common. The aphid bousing 
ant (Lasius umhraius subsp. 
mixtus var. apkidicota) is some- 
times abundant. In autumn 
certain galleries in the wood 
are crowded with wooUy aphids 
which are the so-called "cows" 
which the ants house for the 
winter. 

b) FUld and shrub strata. — 
In moist weather the snails {Polygyra) mentioned above are common 
on the herbaceous vegetation, while the tree-frogs {Hyla versicolor and 
pickeringii) (139) are common, and spiders are numerous. 

c) Tree j(ratem.— The oaks (137) are affected by many of the same 
species as in the earlier stages. The tree-frog is sometimes found in the 




Fic. jij.^Tbe oak plant-bug (Hyaltcdes 
mtripenms) (from Washburn after Riley): 
a, young; h, adult. 
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trees and the walking-stick {Diapheromera femorata) (40) is common. 
One of the most characteristic galls is the oak-seed gall (Andricus semt- 
naior), particularly abundant on white oak of this stage and not common 
later. Galls are very common on the white oak. The predatory capsid 
{Uyaliedes vitripennU) (Fig. 213) b usually present on the bark of the 
oaks, and is often in company with book-lice (Psocus). The squirrels, 
chipmunks, and birds of this association are similar to those of the next 
stage and will be discussed there. 



Fic. ai4.— General view ol the white-oak red-oak hickory foreat (Glencoe). 



(SUtions 56, 64, 65; Tables LIV, LXI) {Fig. 214} 
This is the climax forest of the savanna region. The groves are 
largely made up of it. Though somewhat disturbed in localities where 
studied, it presents some variations. Areas along the north shore contain 
considerable basswood. The Higginbotham woods at Gaugars (Fig. 
215) contain very few hickories and many maples; this type stands in 
closer relation to flood-plain and marsh forests than those discussed 
later. The woods at Suman are well invaded by beech and maple 
seedlings and represent the latest stages of this forest. It is thought 
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best to treat all phases together, simply mentioning the points of 
difference. 

a) Subterratteart-ground stratum. — Earthworms, borers in the roots of 
trees, and dcada nymphs are numerous. The wolf, groundhog, and 
the red fox {Vidpes fulvus Des.) nest in burrows. The latter brings 
forth from four to nine pups in early spring. 

Consocies of the under side of leaves and wood: The camel cricket 



A Mesopu¥tic Forest 
Fig. 315. — General view o( the Higginbothani woods near New Leooi. Woods 
of the flood-plain oak-hidcoiy type. 

iCmthopkitus) (Fig. 116), young cockroaches, the short-winged grouse 
locust {Teltigidea pennaia Morse), and the yellow-margined mdlipede 
{Fontaria corrugate) (Fig. 118) are most characteristic under the leaves. 
The large round millipede {Sfnrobolus marginatus) (Fig. 317) is common. 
Snails and slugs are numerous, several species {Palygyra pennsylvanica 
[Fig. 219], P. profunda (Fig. 310], Zonitoides arboreus, Pyramtdula alter- 
nata. [Fig. 221], Pyramidula solitaria (Fig. 333], Agriolimax campesiris 
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Circinaria coucam [Fig. 233]) are usually common and Polygyra albolabris 
is characteristic of the more mesophytic parts. 

The ruffed grouse, oven-bird, and woodcock nest on the ground. 
The timher rattlesnake (Crotalus durissus Harlan) formerly occurred 
in rocky situations {22). The four-toed salamander (fi«mu/adyiwffi 
scutaium Schl.) is found locally (2a). The white-footed wood-mouse 
(Peromyscus lettcopus novehoracensis Fisch.) builds a nest under fallen 



Inhabitants of a Mesophvtic Fokest 

Fig. 116. — The wingless wood locustid (CenfAo^AiVHi); enlarged. 

Fig. 317. — The common millipede l'5^i>ai(7/uj morjiiMHu); natural size. 

Fig. 118. — Another millipede (^onmrfa ccrrugof:)) natural size. 

Figs, iig-323. — Snails from the woods. 219, Polygyra pennsytvanica Green; 
Z20, Polygyra profunda Say; Z21, Pyramidula solitaria; 121, Pyramidtila alUrnata; 
133, Circinaria eoneava. 

logs and stumps (21). The gray fox (Urocyon cinertoargenUus MUll.) is 
more dependent upon heavy timber than the red fox (21). The cotton- 
tail (21), which belongs to forest edge, frequently winters in the woods. 
The bear was formerly common, nesting under fallen trees and feed- 
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tng extensively on the berries. The timber wolf had its den in similar 
places, though often burrowing into the ground. In Central Illinois 
moles are common residents of groves near cultivated lands. The 
Virginia deer {OdocoUeus virginianus Bodd.) was formerly common and 
was preyed upon by the wolve? and panthers. The latter sometimes 
leaped upon its prey from the branches of the trees (142). 



iNHABtTANTS OF TbEES AND ShBUBS 

Fio. 334.— -The spiny spicier (Acrosoma gracUU), legs wanting (after Emerton). 

Fic. 125. — Another spiny spider {Acrosoma spinea): a, female;*, male; c, young 
(after Emerton.) 

Fig. 226. — Acorn weevils; o, dorsal view; b, side view (after Riley, U.S. D. Agr,). 

Fic. 327. — A red-oak sawfly larva. 

Fig. 3i3. — A female walking-slick on the trunk of a tree, with a caterpillar 
(Halisidala sp.) on the bark above. 

Consocies of logs (in wood and under bark): There is a regular suc- 
cession of forms which affect any one species of the trees of the forest. 
The earlier forms usually attack the trees while they are standing, and 
accordingly belong more properly to the tree stratum. When the bark 
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has become loosened, however, we find practically all the small inverte- 
brates recorded on the ground. The small andrenid bees (AugocMora 
pura) build small cells under the bank and fill them with pollen. One 
egg is laid in each cell (July), and the larva feeds upon the pollen. 
Sowbugs {Cylisticus convexus and PorcelUo ralkkei) and centipedes 
(Lithobius, Lysiopdaium lactarium, and GeophUus rubens) are common. 
Numerous beetles burrow into the wood or feed on fungi under bark. 
Some of the chief borers are {Cerambycidae) Prionus and Orthosoma 
brunneum, and also Passalus cornutus. The large slug {Pkilamycus 
carclinensis) is common. 



Fic. Jig. — The oak twig pruner {EiaphHion mllosum Fabr.) (after Washburn) 
(17IM Rtpt. Minn. Agr. Exp. Sla., p. 165, Fig. 36). 

b) Field stratum. — After rains the slugs and snails, especially the 
young, crawl upon the vegetation. Several flics are common {Sapromyza 
pkUadelpkica). A leaf-hopper {Scapkoideus auronitens), a damsel-bug 
{Reduviolus annulaltts], the shield grasshopper {Atiantkus pachymerus), 
and a spider {Theridium frotideum) have all been recorded. 

c) Shrub stratum. — Many spiders build their nests and webs in this 
stratum. Epeira domicUorum was found with a nest of leaves drawn 
together adjoining its web. Epeira gigas, the large yellow spider, builds 
near open places, on high shrubs. The web is a large orb, the nest in a 
convenient group of leaves near the upper side. 
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Acrosoma gracilis (Fig. 224) (138, 172) commonly stretches its web 
between the trunks of two small trees which stand about 4 ft. apart. 
The center of the orb is commonly about 6 ft. above the ground; it is 
nearly vertical. The spider usually han^ near the center. 



The Stan'dino Dead Oak and Inhabitants 

Fig. ijo. — Showing the Utva, pupa, and adult of the large wood-eating beetle 
{Paisalns comutiu); ^>out natural size. 

Acrosoma spinea (Fig. 2250, 6, c) (138, 172) commonly places its web 
in a nearly horizontal position on the upper side of leaves. The spider 
clings, ventral side up, on the lower side of the web. The web is 
usually from i to 3 ft. from the ground. The spider often falls to the 
ground when disturbed. The two Acrosomae are confined to mesophytic 
forests of the oak-hickory type. They have not been recorded north of 
Chicago. 
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A wasp (Polistes) builds its comb of wood pulp on the under side of 
the leaves. Various larvae and beetles feed upon the leaves of the 
undergrowth. A bug (AcatUkocephaia terminaiis), a leaf-beetle (Colli- 
grapha scalaris), the fork-tailed katydid {Scudderia furcata), the round- 
winged katydid (Amilycorypka uhleri Brun.) (40), and various other 
insects have been secured from shrubs, especially in slight open- 
ings. The black snake (23) (now rare) often rests on bushes in such 
forests. The black and yellow warblers and woodthrush nest on the 
shrubs. 



The Standing Dead Oak and Inhabitants 
Fig, 131. — The successor of Paisalus {PhUomycus MrcUtiensis). 
Fig. 13:. — The work of a carpeDter ant in the same tree. 

d) Tree stratum. — ^The walking-stick (Fig. 228) {Diapheromera femo- 
rala) (40) is conunon on the tree trunks in the fall. The red oak 
supports the tree cricket (Oceanlhus angusHpennis), the stinkbug 
(Euschislus trisligimas), and the oak-leaf beetle {Xanikonia lo-notala). 
Felt records several insects injurious to the red oak alone. From the 
white oak we have taken the katydid {CyrlophUlus perspicUlalus), the 
larvae of sawflies (Fig. 237) and moths {AnUoia senotorta), and various 
galls. Several weevils (Fig. 2260, b) occur on acorns, and the twig- 
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borer (Elaphidion viUosum) (Fig. iig) in the twigs. The hickory 
supports many larvae, including a Phylloxera which forms galls on the 
leaves (see Fig. 277, p. 273). 

The red-tailed and red-shouldered hawks, the red-headed wood- 
pecker, the wood-pewee, the crow, bluejay, robin, and bluebird nest in 
the trees. The panther and wildcat {Lynx rufus) were former residents. 



Fig. 233. — The beech woods. Note small amount of undergrowth. 

Dead standing oaks are attacked by a series of animals. As soon 
as the wood begins to soften, the four-legged larva of Passatus cornutus 
often appears. This is succeeded by slugs and ants (Figs. 230, 231, 232), 

2. WOOD-FROG OR BEECH AND MAPLE FOREST ASSOaATION 

(Stations 70, 71, 71^, 716; Tables LV, LXII) (Fig. 233) 
The coming of this stage is indicated by the presence of seedlings 
of beech and maple in the oak-hickory forest, e.g., at Suman, Ind. 
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a) Sublerranean-ground stratum. — Earthworms continue; an occa- 
sional groundhog has been seen, though they are probably much less 
common here than in the preceding stages. The stratum appears less 
closely inhabited than the preceding. Under leaves are found scattered 
snails, centipedes, etc. The yellow-margined mOlipede {Fonktria cor- 
rugate) is most common. There is an occasional CetUkophilus. We 
have found no other Orthapiera in beech woods proper, though 
Hancock records several (40, p. 433). Animals are more abundant 
under logs than under leaves. Here we find the large slug (Phiiomycus 
carolinensis) and several species of snails which, though characteristic, 



Figs. 134-140. — Some beech woods snails; Ground stratum; 234, Pyramidtda 
perspttiaa; 135, Polygyra injUcta; Jjfi, Pelytyra palliaia; in, Polyfyra frauduUnta; 
233, Folyfyra appressa; 339, Pyramidula sMIaria, adult; 340, Polygyra albolabris. 

are not abundant. These snails are Polygyra infieeta (Fig. 235), 
oppressa (Fig. 72fi),fraudiUetUa (Fig. 237), palliata (Fig. 236), aibotabris 
(Fig. 340), Pyramidula solitaria (Fig. 339), altemata, and perspecliva 
(Fig. 334), and Zoniloides arboreus. These species of Polygyra are 
distinguishable by the presence of characteristic "teeth" in the 
entrance of the shells. The large spider {Dolomedes len^rosus) and 
millipede (Spirobolus marginatus) occur. Crane-fly larvae, ground 
beetles {Plerostichus adoxus), a centipede (GeopkUus rubens), the wood- 
frog {Rana sylvatica) (Fig. 241} (139), and the red-backed salamander 
{Plethodon cinereus) (152) (Fig. 243) are common and characteristic. 
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Pickering's tree-frog is sometimes abundant. The oven-bird nests on 
tbe ground. 

6) Fidd and shrub strata. — The field stratum is very poorly devel- 
oped in summer, herbaceous plants being most abimdant in early spring. 
The pawpaw supports the zebra swallowtail butterfly (Papitio ajax 
Linn.), and the spice-bush the green-clouded swallowtail (Papilio troUus 
Linn.). In the shrubbery in general we have taken snout-beetles, leaf- 
beetles, etc., usually as incidental occurrences, however. A lacebug 
{Gargaphia tUiae), which has been recorded on basswoOd, and several 



REPRESENTATn^s or THE Wood-Frog Association 
Fig. Z41. — The vood-iK)g {Raaa sylvalica); about Dstural size. 
Fig. 141. — The red-backed salamander {Pklhodon dHtreus); about oatural size. 
Fig. 243. — The rem&ins of a fungus found growing under a {Mle of logs in moist 

woods (not t>eech), and the fungus-feeding beetle {Tritoma uniedor Say); about 

natural size. 

species of bugs and beetles have also been taken, but all are incidental 
and of widely distributed species. 

c) Tree stratum. — On trunks, shelf fungi are common and are usually 
inhabited on the under side by the tenebrionid beetle (Boletotherus 
bifurcus) (156), a curious rustic beetle. Few characteristic species have 
been taken from the trees. From the bark of the trunk we have taken 
harvestmen {OUgolophus piclus and Liobunutn nigropaipi) and from the 
twigs woolly aphlds (Pemphigus imbricator) (Fig. 345). There is an 
occasional lo larva on the leaves (Fig. 344). 

The great crested flycatcher, wood-pewee, bluejay, scarlet tanager, 
red-eyed vireo, and woodthrush nest in the low trees and on the lower 
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levels of the higher trees. Little is known of the mammals of the beech 
and maple forest. Deer, bears, wolves, foxes, hares, etc, appear to 
prefer forests with more undergrowth and herbaceous vegetation. 
Squirrels are fond of beechnuts, and are probably the chief resident 
mammals. The fox squirrel, gray squirrel, red squirrel, and other mam- 
mals of the preceding stages doubtless occur, 

(i) Consocies of the decay (^ a beech. — Succession: Any tree which 
is torn down by the wind or lightning is attacked by a series of borers. 



Leaf- and Twig- Feeders 
Fic. 144.— The nest of an lo caterpillar in the beech leaves; reduced. 
Fig. 145.— Woolly aphids (Pemphigus imbrkator Fitch) oa the twig of the beech; 
reduced. 

etc., each one helping to prepare the way for those that follow. To 
illustrate the general principles, the succession of animals in any species 
of tree might be presented. We have chosen the beech. 

According to Felt (137), Uving beeches are commonly attacked by the 
red-horned borer (PtUinus ruficornis Say) which bores into the bark 
and wood, and another borer {Anthopkilax attenuatus Hald.) which lays 
eggs in the galleries thus formed. We have examined four stages of the 
decay of beech trees. 
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First stage: Tree freshly fallen (Fig. 246). Only forms recorded are 
the apple-tree engraver beetle {Pterocyclon malt Fitch) (Fig. 247) which 
makes galleries in the solid wood. 



Succession in the Beech Log 

Fic. 246.— The freshly fallen beech. 

Fic. 147.— The first borer to enter the fallen tree (Pttracydon mali Fitch); 
greatly enlarged (from Lugger after U.S. Dept. Agr.). 

Fic. 148. — The parti&Uy decayed beech. 

Fio. 349. — Closer view of the same showing the burrows of the different wood- 
boring larvae in the softened wood. 

Fig. 250. — Shows the last stage in the decay of the beech. 
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Second stage (Fig. 248): Bark loosened; wood still solid or barely 
softened. Under the bark were the flattened Pyrochroidae larvae, the 
small snail (Zonitoides arboreus), a few of the four-legged larvae of 
the passalid (Passalus comutus), many larvae of fungus-gnats {Mycelo- 
philidae), and a smgle specimen each of the beetle (Penthe pimelia) and 
the slug (PkUomycus carotifKnsts). None of these were abundant. 
The flattened beetle larvae were most characteristic. 

Third stage (Fig. 249): The wood is thoroughly softened and the 
bark generally loosened. Here the animals present in the earlier stage 
are increased in numbers. The passalid larva is more abundant. 
Slugs are numerous. Snails {Pyramidida aUemata) are found in such 
situations as are large enough for them to enter. Fungus-eating beetles 
are present {Me^idodacne keros Say). A click-beetle larva {Tkarops 
TuHcornis Say) bores into the softened wood. 

Fourth stage (Fig. ^50): The bark fallen off; the log a mere mass of 
rotten wood. Such a log is only shelter for the regular inhabitants of 
the forest floor which we have already enumerated on the preceding 
pages. 

VI. Generai. Discussion 

A study of the tables shows several points of interest. Take first 
the ground stratum. Beetles which live under decaying wood are 
common on the beach where the decaying wood is common, but are 
absent through the cottonwood, pine, and black-oak stages. They 
appear again with the fallen leaves and moist logs of the black oak-red 
oak stage. Vegetation in itself is not directly important. Moist 
decaying wood is common, both on the beach and in the woods. Wood 
and moisture are evidently essential to such animals. Turning to the 
snails, which probably all come out into the open to feed during the night 
and during moist weather, we note that they do not appear untU the 
under-log beetles put in their second appearance. In general the total 
number of species and of individuak increases until the oak-hickory 
stage is reached and falls off again in the beech and maple stage. 

In general we note that as the forest passes from the bare-sand stage 
to the beech-maple stage, there is a great increase in the space to be 
inhabited by animals and the diversity of possible habitats, at least up 
to the oak-hickory stage. 

I. CAUSES OF SUCCESSIOK 

The causes of succession in forests are chiefly changes in physical 
condition with increase in denseness of vegetation, such as the increase 
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of mobture of the atmosphere, decreased light, decreased temperature 
maximum in summer. The poisomng of the soil by root excretions 
and the modification of conditions on the ground brought about by a 




Fig. 251. — Mean dally evaporation rates (c.c. per day) in the ground stratum of 
foui of the animal communities (alter Fuller). 



given set of trees are believed to prevent the germination of seeds of 
most of such trees, and at the same time to prepare the way for those of 
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differently adapted species. The factors as expressed in terms of tlie 
evaporating power of the air are shown in Figs. 251, 252, and 253, which 
are graphic representations of the results of a season's study by Fuller 
{131). The graph of the cottonwood dunes is characterized by great 
fluctuations. 

The gr^h for the pine dunes is decidedly lower and more regular in its 
contour than that of the association which it succeeds. Its four nearly equal 




Fig. 151. — Showing the comparative evaporatioD rates (c.c. per day) in the ground 
stratum of the different animal conununities from May to October (after Fuller). 
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Fio. 153. — Showing the comparative evaporation rates (c.c. per day) in lour of the 
animal communities on the basis of the maximum amount per day for any week (rom 
May to October (after Fuller). 

maxima would indicate that within its limits there was, throughout the sum- 
mer season, a continuous stress rather than a. series of violent extremes. On 
the whole it shows a water demand of little more than half of that occurring 
in the cottonwood dunes. Its greatest divergence is plainly due to the ever- 
green character of its vegetation and is seen on its low range in May and the 
first part of June, and again in October when it falls below that of the oak 
dunes and is even less than that of the beech-maple forest. This would give 
good reasons for expecting to find within this assodation truly mesophytic 
plants (and moist forest annuals]* whose activities are limited to the early 
' The words in brackets are added. 
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spring. Ev^wration in the various assodations varies directly with the order 
of their occurrence in the succession. The differences in the rate of evapora- 
tion in the various plant associations studied are sufficient to indicate that 
the atmospheric conditions are most efficient factors in causing succession 
(FuUer, 131). 

A cotnparison of Fuller's (131) data with the tables or lists of ani- 
mals shows that the distribution and succession of animals k cUarty 
correlated with the evaporating power of the air. Further comparison 
with the description of different forest stages shows that the evaporating 
power of the air may be taken, in this case, as an index of the materials 
for abode, etc. 

3. CHARACTERS OF THE COlUfUNITIES 

It is possible to characterize the formations of the forest in physio- 
logical terms, though these cannot be of a very definite kind until the 
mores have been studied in detail, and accurate measurements made. 
Taking them stratum by stratum, we may note the following obvious 
characters: 

a) Pioneer communities. — ^The communities of the Cottonwood, pine, 
and black-oak stages may be designated as pioneer because of the 
presence of bare mineral soil. 

Subterranean and ground strata: (a) The Cottonwood community 
is characterized by animals which breed and spend the dark and cloudy 
days chiefly below the surface of the sand. They are very largely 
diurnal and predatory, and are exceedingly swift and wary. The bur- 
rowing spider (Geolycosa pikei) is one of the few nocturnal animals. 

{b) The pine community is characterized by similar mores, but is 
to be distinguished from the preceding by the presence of many animals 
which prefer sand that is less shifting and which is slightly darkened by 
humus (170). Animals requiring "cover," such as the lizard, the blue 
racer, a few ground squirrels, etc., give character because of their absence 
from earlier and later communities. 

(c) The black-oak community represents the climax of diversity 
of the subterranean and ground strata. The bare-sand mores continue 
in the open spaces, which we have designated as transition areas. Leaf- 
cutters are now present, while among the burrowers the root-borers 
(prionids and lucanids) work on the roots of the decaying trees. The 
behavior differences between this and the preceding community are 
differences of detail which, for the making of deductions, would require 
much careful study. 
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Field and shrub strata: The field and shrub strata of the Cottonwood, 
pine, and oak communities are less easily characterized. The cotton- 
woods of the beach are far less commonly infested with aphid galls than 
are trees of the same ^>ecies growing in less exposed situations. Further- 
more we have never found any of the lepidopt«rous larvae such as 
BasUarckia archippus Cram, near the beach. Animals Uving ex[K>sed 
upon the trees are few in number. The same general conditions obtain 
on and among the pines but spiders are more numerous. On the black 
oak the number of phytophagous animals is increased and the number of 
gaUs appears to be greater than in the later stages; the inhabitants of 
the herbaceous vegetation are chiefly those found in open situations such 
as prairies and roadsides, where the physical conditions are similar. 
Some animab of the same species which make up the black-oak com- 
munity were taken from a roadside, and after being mixed with the 
inhabitants of the shrubs of the beech forest were placed in a light gra- 
dient. Soon the insects and spiders of the two communities separated 
sharply from each other, the beech-inhabiting <^ecies going to the dark- 
est end while the roadside species crowded to the light. 

b) Later communities. — With the coming-in of red oak, true forest 
with the mineral soil largely covered with humus and leaves is present 
and very different mores obtain. The diurnal diggers are practically 
absent. Snails, beetles, grasshoppers, spiders, and myri(^>ods living 
under bark, decaying wood, and leaves, avoiding strong light and 
requiring mobture, are the chief types. The mores are typically forest 
in character. The differences between these and the later stages are 
those of detail and degree. In general with a lessening in the severity 
of the conditions and an increase in the denseness of vegetation, there is 
a proportional increase in the use of the vegetation as a place of abode. 

In the field and shrub strata, we note that the animals of the cotton- 
wood, pine, and oak stages are characterbtic of open dry situations, 
requiring or tolerating strong light, while those animals of the red-oak, 
hickory, and beech stage are negatively phototactic to light of the same 
intensity, as shown by mixing the animals in a gradient. 

The animals of the tree strata frequent a limited number of kinds 
of trees. Tree inhabitants are few and scattered in the cottonwood^ 
pine, and black-oak stage while animals inclosed in galls or cases are 
common, if not dominant. In the red-oak, hickory, and beech stage 
phytophagous animals are often gregarious and numerous. Groups such 
as Orlhoptera, beetles, bees, and wasps are represented more and more 
by species which make use (A the vegetation as forest development 
goes on. 
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TABLE XLIX. (Table L precedes lU>le XLDO 
Showing Fobest Animals in the Eably Stages or Fobest Development of a 
Clav Blutf of Laex Michicam 
Subtemneon aDdground strata, t; bareday.a; sweet clover, 3; shrubs, golden- 



rod, etc., 4; s^>ling stage, animab same as in (5) the ook-hickoiy forest (Station 56). 


CoDunoBNuH 


Sdmtific NoiDC 


, 




3 


4 


s 


Tube- weaver 






t 


C 


A 
















CidHdtia purpurea Kmbaiis Elg 














Snaa*^ 


















Tiger-beetle larvae 

Snail 












FkUomycus caroUamsis Bosc 
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ANIMALS RECORDED IN THE GROUND AND SUBTERRANEAN 
STRATA OF THE STAGES NOTED 

In T&bles LI-LV, in the third column B indicates breeding; F, feeding; H, 
hibem&diig, on the situation indicated in column 4. Figures in cdumn "litera- 
ture" refer to literature cited in the qiecial Bibliography at the end al the book. 
Statements made on the authority of others are in italics; those starred are by 
A. B. Wolcott. 

TABLE LI 
Pine Stage (Stations 57, 58, 59) 



Bee {A ndrenidae) . . . 

Larndae 

Sceliidae 

Cerofaiidat 

Blue racer. 

Ground squirrel .... 
Beetle (maltridat). . 
Elaterid beetle 



Haliclus ndvmbimis Rob . . 

Tackyla texanus Cres 

Pksia inlemipta Say 

Ancpliui mart'tiatus Say. . 
CaMer ecnslrUlor Lin,, Var. 
CUdha I34intaius Mitch. . . 
CardiophoTus cardisce Say. . . 
Alaus myops Fabr 



TABLE UI 
Buck-Oak Stage (Stations 57, 59. 6", 6') 



CooBKHiNuie 


Scientific Name 






UlenUie 




Loam rtctantuiaris Say. ... . 

Languria Irifasciaia Say 

Rippiscui lubtrculaius Beau. 
Cotlioxys rufilarsui Smith. . . 
Odynerus anormis Say 


B 
B 
B 

B 

B 


Under OpuMia 

In sand 
Bee nest 


. 






Coral-winged locust. . . 
Parasitic bee 


40 


Hog-nosed snake 


In sand 


•57 



table liii 
Black Oak-Red Oak Stage (Station 63) 



CoBUsonNuMi 


Sciemific Nune 






LiicrstuR 




Loriuj ttmbritius mixtus 
apMidUeh Walsh 

novtboractiuis Fitch 

PItrestkkus sayi BruUe 

VUnna impressa Mek 


B 

B 
B 
B 


Log 

Log 
Rotten log 
Rotten log 






S4 


Ground beetks 


-I 

156 
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(See e^lanation above Table LI) 

TABLE LIV 

Red Oak-Hickokv Stage (Stations 64, 65, 69) 



Common NuM 


SwntificNuH 






LHsntUR 


Green liger-beeUe.... 

White-faced hornet... 


CUindela iexgultata Fabr. . . 

Vapa macuiaia Lin 

AutocUora pura Say 

PaUifera dorialit Bin 

Eupsaiis miHula Dni 


B 

H 


Id soil 
Rotten wood 


179 


Scarabaeidat 

Slapkytinidoe 


B 

B 

B 
B 


Rotten log 
Scdidlogs 


9' 




Brenthid beetle 


TABLE LV 
Beech Stage (Stations 70, 7 


, 7i«, 71*) 





Sckntific NuM 



frog 

Fly larva. . . 
SaluQander 

Snail!!!!!! 

Snail 

Snail 

Snail 

■Snail 

Beetle 



Rana sylvatka Le Coute. . . 
Pachyrlana fcrrupnea Fabr 

FklhodoncmereiaGt 

Polygyra infitcia Say 

Palygyra oppressa Say 

Pdytyra fraudtdattc Pil . , . 

Polygyra paUiata Say 

Pyramidula soiilaria Say . . , 
Pyremidula ptrsptcliva Say . 
XyhptHUS saperiioidef Oliv . 
Aphacnotaster ' 
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TABLE LVI 
DisTBiBFnoN OF Animals Recokded prom Vegetation in Moke Than One of 
THE Animal CoMvumTtES or the Foeesi Stages Indicated by Numbeks 
I, thecottoowood stage; i-i, mixed cottoDwood uid pine stage; a, pine stage; 
1-3, mixed pine and oak stage and open places in the oak lorest; 3, black-oak stage, 
in its later phases white oaks occur; 4, black oak-nd oak stage; 5, stages containing 
hickory but not beech and maple; 6, beech and maple stage. 



Common Nine 


Scientific N>iH 


, 


.-. 


> |>-3 


3 


. s 


6 




Anthochori! tii«lio Fabr. . 
Eptira domieUorum Hentz. . 

Lygus pralensis Lin 

DiapheromeraStmorata Say 
Mis»mes!ui (uperaitu Htz. 

Dictyna foliacea Hentz 

Eptira gigailJMix 

AcaHiMocepkala lermitudU 






? 


? 








ic) Spider (EpMridae) . . 


F 
F 


C 


* 


(/) Spider ITkomuidae) 
&) Spider (Diclynidae) . 


i 


F 






(1) Stinkbug. .. . 








Sairomyia phUaitlpkka 




&)%."'*:::::::::: 


, 











The letters below at the left refer to the species opposite which Ihey stand in 
Table LVI and the numbers refer to the forest stages as at the heads of the columns 
of Tables Land LVI. The capitals have the same meaning as in thepieceding tables. 

a — from cottonwoods and juniper {t, i-a, 3) {138, 171). 

b — from Arabis lyrala (173). 

c — from pine and herbaceous vegetation (B) (4) (171). 

ij— herbs (174). 

e — from the trunks of various trees. 

f^Mimarda (1-3), and black oak (3), maple (3) (138, 177). 

t—T MoHorda (S) [173). 

k — from undergrowth (4), and beech, (5} (138, 171). 

i — from shrubs (4), and young beech (s) (138, iji). 

j — shrubs (4) and maple trunk. 

£— from red-oak trunk (4) and beech trunk (5) {Tiiia, Cilrns, Gossypium 1S6). 

I — ? (4) and beech leaves (5) (predaceous, 185). 

m — herbs. 
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ANIMALS RECORDED FROM THE FIELD, SHRUB, AND TREE 

STRATA OF THE FOREST STAGES NOTED 

In Tables LVn-LXH, in the third column B indkatea breeding; F, feeding; 

H, hilianaliug, on the situation indicated in column 4. 

TABLE LVn 

Cottonwood Stage (Stations 57, 58, 39) 



ConuMoNuM 


ScientiEc Nuh 






Utomlur. 


Long-horned borer. . . 
Gall aphid 


Diionycha quinguetUlata Say. 
Pemphiiui saiobundus Walsh. 


BF 
BF 
BF 
BF 


WiUow 
Cottonwood 


is6 











Leaf-beetle 

Spider (TliimMdiu:). . 
Spider (.4 tfWae) 

Spider (Theridiidae). . 

Engraver beetle 

Pitch-moth 



TABLE LVUI 
Pine Stage (Stations 57, 58, so) 

SckntiCc Nuw 

Nodonata trulis Oliv 

Bassareus lativitlts Germ . . 

Xyslkiu formosus Banks 

' Dendryphantes oelavus Hcntz . 

Tktridium spiralt Em. . . 

Ips trattdicMU Eich 

Evtiria comstoclaana Fern. ?.. 



Herbs 



>37 
187, 138 
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(See exiduialjoa above Table LVII) 

TABLE LDC 

Blacx-Oae Stage (Stations 57, 59, 60, 61) 



Syn^iu fly 

Andienid 

Spider (TkomisiJat). 
Spider {Epeiriiat) . . 

Sprinkled locust 

Gnsshopper 

nee-aicket 

Tens grasshoi 
Coneheadf ~ 

per 

Meadow gnsihopper 

Stinkbug 

Flower-bug 

Fork-Uiled larvae. . . 

Futeorid 

Fktbug 

Colydud beetle. 

Prmninent larva 

pTomjnent Iwva 

Tiee-bopper 

Jaaaid. .'.V.V.'.'.V. . . 



Miktia vtrginiauis Dru . 

Agapottemon spktidau Lepel. 
PluiodToma pmtix Black. . 

Artiope trifasdata Forsk 

CmoaiUis amspersa Hai 

SclnsloceTca ruHtinosa Har. , 
Oecantkus /asetaiui Fitch. . 
Scttddtria UxenHs Scud 

CanouPluiui eniifer Har 

Xiphidium slritfvm Scud. . 
Euschulus varMariui Pal.. 
TripUeps insidiosui Say. . . 

Centra 8p 

Olhctru! degeeri Kirby 

Neuroclenm simpkx XM. . . 
Ditoma quadriguUata Say. . 
Heterocampa guUitiUa Hm. . . 

Nadata (ibboia 5. and A 

TeUmona qurrci Fitch (m«nit- 

Charialerui aHletmalor Fabr. . 
TypUacyba querci var. bi/iu- 

ciata G. and B 

PhUpstus irroralus Say. . 



Herbs 
Primrose 
Herbs 
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(See eiplaiution above Table LVH) 

TABLE LX 

Blacz Oae-R£D Oax Stage (Station 63) 



Conunon Ntme 

Jumping spider 

White-I^gali 

FredftceouR leaf-bug. . 
Scallop-moth (larvae) 



Scientific Nuiat 

Matria niter Htz 

Gaytana altr Htz 

Andrictu zeminaUir Harr. 
Byaliodei mlTipennis Say. 
Bydt' • ■ ■ '■ 



White oak 

Tree trunks 

Cheny 



TABLE LXI 
Red Oak-Hickory Stage (Stations 64, 65, 59) 



CoauDCDNuw 


Scimtific NuDi: 






UtntoR 


Rove-beetle 


Tackinu! paUipes Grtiv 

Anypliaena consptrsa Key. . . 
AOatOUus pachymerus Bunn. 

Acrosoma gradlis Wal 

Acrastma spinea Hentz 

Maniora macuiata Key 

OdoHlolanmosaVaxix, 

Reduticlus anHutalus Reut.. . 

CiMrfa Hnnn S. and G 

CaUitrapha scahris Lee 


BF 
F 
B 
F 
F 

B 

F 
BF 
BF 
BF 
BF 
BF 

B 

F 

B 

B 

B 


Herbs 
Grass 
Shrubs 

Young mapk 

Whit^eoak 
Red oak 

Maple 
Hickory 


■Is 

il 


iSSSiJSti::: 

Spider (Epeiridae)... 
Tassid 






Bug iNabidoi) 


isS 
















Aniseta seaaloruiSm. and Abb. 
OetarUkusanriutiptnitis Filch. 
CyrlofkyUus perspicUhtus L. . 
Xantkonia lo-noUtia Say. .... 

DatanaantMsiiG.axAK,.,. 
PkyUojtra c<tryoe-caulis Fitch. 




Tree-cricket 


40 






PtomiDent larva 


137 
188,137 
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(See eqdan&tion above Tabk LVII) 

TABLE LXn 





Beech Stage (Stations 70, ji, 710, 71*) 




CouumNuu 


Scioilific N«« 






Uttrtixm 


Beetle 


Cypma aclolinaUa Say 

JasiM otOarius Say. 

TAofciM o/foto Fabr 

Ckrysopa rufialbrit Bumi. . . 

GarioM«K»'«w Walsh 

Tnpts vulfiHus Cb 


F 

F 

F 
B 
B 
B 
B 
F' 


Mushrooms 

SheU fungus 

Hickory, maple, 

ha^el 
Hickory, maple, 
beech 
Maple 
Larvae 
Maple 
Be.lch 
Larvae 
Beech 
Maj,le 

Maple trunk 




Cercopidat (bug) .... 

teaf-hcqjper 

Leaf-hopper 


177,137 

i8s 
137 

137 
137 






IckneumonidM 


177 




Podabrus basUaris Si^y 

WalamitralaHentz 

NotiotitUa inttrpres Cam. . . . 
Oiigelofhuspktus^ooA.... 


"i 




■3S 


Syrphusfly 


184 
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CHAPTER Xni 

ANIMAL COMMUNITIES OF THICKETS AND FOREST MARGINS 
I. Introduction 

The forest margin or forest edge is a familiar natural situation. 
About Chicago there are groves of trees which are probably exactly as 
they were before settlement. The forest ends; the prairie begins. The 
line between the two is markedly a narrow border of shrubs and rank 
weeds, usually only a few feet wide. In other places the forest ends at 
a marsh side, lake side, or stream side, but almost always with the 
thicket of shrubs and rank weeds. A remarkably large number of 
animals belong to this forest margin. Some of these have been discussed 
in connection with the margins of bodies of water (chap, x), and the 
marsh forest (chap. x). The borders between forest and prairie 
remain to be discussed. These will be roughly separated into high and 
low forest margin, depending upon height above ground-water level. 
The relations of these formations to the other forest margins will be 
indicated in the tables. 

U. Low Forest Margin Sub-Foruations 

(SUtions 45> 49; Table LXHI) (Fig. 254) 

Low forest margin is usually the border between swamp forest and 

low prairie. There was originally much of this in the Lake Chicago 

plain. One point of special study is the border of the Wolf Lake marsh 

forest (see p. 189). 

I. subterranean-ground stratum 
The ground is inhabited by earthworms and cicada nymphs, etc. 

No burrowing mammals have been recorded, but it is probable that 

the skunk sometimes breeds in this stratum. 

The cricket {Nemobius mactdatus) occurs under fallen leaves, sticks, 

etc., with an occasional snail (Polygyra monodon). The lubberly locust 

often deposits its eggs in the ground (40). Sowbugs and forest-floor 

forms make up most of the remaining spedes. 

The northern yellowthroat, the song sparrow, and the common 

shrew sometimes nest on the ground. The skunk is someUmes a feeding 

resident. 
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2. FIELD AND SHRUB STRATA 

Here two zones may be recognized. While there is no reason for 
separating them in the ground stratum, a rough separation is here 
possible. 

a) Ranlc weeds, willow, dogwood, grape, etc. 

b) Prickly ash thicket with grape and young elms. 

Outside the first is a girdle of low prairie from which low prairie plants 
and some low prairie animals occasionally invade the forest margin. 

a) Girdle of rank weeds, dogwood, vtiilow, etc. — In open, grassy places 
the garden spiders {Argiope auranUa and trtfasdata) (Fig. 355) fasten 



Fig. :54.^Low forest margin at Wolf Lake. Ind. In front of a. low pt&irie 
area; opposite A, belt of rank weeds: opposite c, low shrubs; oppositeij, high shrubs; 

opposite e, trees. 

their webs to any firm support, such as a young shrub. Various grass- 
hoppers occur in open situations {Xiphidium fasciatum and brevipenne 
belong more properly to low prairie) (Fig. 256)- The long-bodied spider 
(Telragnaika laboriosa) (138) is a common resident. On the grasses 
beneath the shrubs the black-sided grasshopper {Xiphidium nigropleura) 
is abundant. The snail (Fig. 357) (Succinea ovalis) is sometimes 
common.' 

Of the bugs which frequent the blossoms of the coarse weeds are the 
long-le^ed bug (Neides mtUicus), the buffalo tree-hopper (Fig. 359), and 
the candlehead (Scohps suUipes) (Fig. 358). These two and especially 
the latter, with its curiously prolonged prothorax, are the most char- 
acteristic. The common plant-bug {Lygus praiensis) (Fig. afir) and an 
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occasional dusky leaf-bug (Adelpkockoris rapidus) (Fig. 262) are also 
found. The large stinkbugs {Euscktstus trtstigMus ^ndfissilis Uhl.) are 
common. They may be predatory in the adult stage. The predatory 
ambush-bug (Pkymata erosa fasciata) lies in wait for its prey in the 



s web; about oDc-half 




Fig. 256. — Theslender meadow grasshopper(Xi>AiiJ; 



i)(afler Lugger). 



blossoms. A crab spider {Mesumena valia) and a jumping spider 
(Pkidippus audax) are common in the blossoms (40, p. 182.) Various 
lepidopterous larvae feed upon the rank weeds also. 

On weeds and blossoms grasshoppers are numerous; we find the Ne- 
braska conehead (Conacepkaius nebrascensis) (see Fig. 260), the lubberly 
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Fig. 2J7. — The fbiest-margin siuQ {Sutcinea malts); twice natural size (after 
Baker). 

Fig. 15S. — The candle-headed bug {Scohps sukipei); 5 times natural size 
(original). 

Fig. 159. — The buffalo tree-hopper (Ctresa bvbaius); s times natural size (after 
Marlatt, U.S. Dept. Agr.). 

Fic. i6o. — The large cone-headed grasshopper {Conocepkalus rohutiu) (after 
BeutennilUler [Am. Mus.] from Blatchley). 



„Goog[e 



j66 thicket communities 

locust (Mdanoplus differentialis), an occasional red-legged locust, and the 
striped shrub cricket, the short-winged brown locust {Stenoboihrus cur- 
Hpennis) , the short-winged meadow grasshopper {Xiphidtum brmpenne), 
and the Texas katydid {Scitdderia texensis) (40, pp. 330, 390), 

The jug-making wasp (Eumenes fraternus) (40, p. 207) makes its 
jug-like nest on the herbaceous plants. The social wasp (Polistes) is 
a frequent visitor of the flowers, 
and sometimes attaches its comb 
to the willow. The oblong leaf- 
winged katydid {Amblycorypka 
oUongifolia) (Fig. 263) (40, p. 
391) and the fork-tailed katydid 



261 262 

Fig. 261. — The tarnished plant-bug {Lygus praleniis); about one-fourth of an 

inch long (after Forbes). 

Fig. 362. — The dusky leaf-bug (Adtlfhecoris rapidus); about one-fouith of an 

inch long (after Forbes). 

{Scudderia furcata) (Fig. 264) are residents. The latter places its e^ 
on leaves of shrubs (40), Willow leaf-feeders are numerous; several 
lepidopterous larvae are common. These include the brilliant larva of 
the smeared dagger-moth (Fig, 265), the cecropia moth, the willow 
sphinx, the viceroy and mourning-cloak butterflies, the maia moth 
(Fig. 266), the fork-tailed caterpillar (137), larva of the maia moth, 
and others. The small fly {Bibio albipennis) visits the flowers of the 
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267 



willow in spring (Fig. 267). Sawfly larvae are common; the large light- 
colored one {Cimbex americana) (179) has habits of special interest. The 
female, which is a wasp-tike insect, deposits her ^gs on the under sides 
:aves. Blisters are formed, and a 
ig larva lives for a time in each 
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Fio. 163. — The oblong leaf-winged katydid (Amblycorypha oblongifolia); (a/ter 

Forbes) natuiil sbe. 

Fic. 364.— The fork-Uiled katydid (Scitdderia furcata) (after Lugger from 

Forbes); natural size. 

of these. Later it is to be found living freely on the leaves. It usuaUy 

rests with the posterior segments wrapped around a petiole or twig. 

Pupation takes place in a 

silken case. The spotted 

sawfly larva {Pteronus 

ventralis Say) (179) is less 

common. 

Beetles are common 
on the willow. The leaves 
are eaten by May-beetles 
(189} and several leaf-feed- 
ers {CaUigrapha and Lina 
are common). Several 
borers attack the twigs 
{Saperdaconcolor). Galls 
are very numerous. The 
trunks of small willows are 
commonly attacked by the 
larvae of the introduced 
snout-beetle {Cryplorkyn- 
ckus lapatki), and the 
goat-moth larva (Prionoxystus robintae Peck.), which bores in the heart- 
wood. The sap which exudes attracts many sap-beetles {NUidvlidae). 



F:g. 265. — The adult and larva of the smeared 
dagger-moth {Acranycta oblinita), which feeds upon 
lious forest-margin weeds and shrubs; natural 
« (after RUey). 
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The dogwood is fed upon by a few larvae. The unicom larva 
iSchhtira sp.) is occasionally found; the young of the spittle insect 
(Aphrophora 4-noUUa) are common. The grape and Virginia creeper are 
attacked by several sphinx larvae. The grapevine hog caterpillar 
{Ampelophagus myran Cram.) has been taken from the former. 

Nesting in the shrubs are the goldfinch (more often in trees), the 

indigo bunting, the northern yellowthroat, the brown thrasher, and 

catbird, all of which feed in the 

low prairie. The song sparrow 

nests near the ground. 

*) The beU of prickly ask.— 
This has not been so thoroughly 
studied. The subterranean and 
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ground strata are similar to 
those of the forest adjoining (see 




Fig. ?66. — The larva of the mala moth {HemUeuca maia) which feeds on the 
wjUowi natural siie (from Lugger after RJley, Div. Gnt., U.S. Dept. Agr.). 

Ftc. ifiT. — Bilno aibipennii. Early spring on the flowers of the willow. Breeds 
ia tlie ground (from WilUston after Washburn). 

p. 269) ; the ground and field strata have some of the same residents. 
The adult CresphorUes butterfly {Papilio cresphonles) is common about 
the Wolf Lake forest edge and Hancock (40) has recorded the larva on 
prickly ash, one of its regular food plants. He also records the true tree- 
cricket (Apithes agilator Uhl.) as inhabiting prickly ash thickets. 

III. High Forest Margin Sub-Foruations 

(Station 48; Table LXIV) 

This surrounds the oak-hickory, black-oak, and beech forests on liigh 

ground. The witchhazel, hawthorn, sumac, and grape are the dominant 

shrubs; goldenrod,asters, and sunflowers are the chief herbaceous plants. 
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I. SUBTERKANEAN-CROUND STRATUU 

Certain earthworms, cicada nymphs, and loot-eating grubs belong 
here. This is the regular breeding-place of the skunk {Mephitis mesa- 
melas avia Bang). According to Seton (143) they go in droves of six or 
eight, and as many as fifteen sometimes occur in a winter den. Accord- 
ing to Seton its food consists of various insects, grasshoppers, crickets, 
meadow mice, snakes, and crayfishes. The short-tailed shrew in primeval 
conditions breeds chiefly in such tangles of bushes. It digs in moss 
and fallen leaves and loamy soil, and follows mouse galleries. According 
to Wood (ai) it eats many mice. Seton (143) states it feeds on isopods, 
earthworms, etc. Its enemies are hawks, lynxes, and weasels. 

Franklin's ground squirrel {CUellus franklini Sab.) burrows into the 
ground deeper than the ground squirrel of the prairies, but is otherwise 
similar in habits. It is gregarious and stores grain for winter. The 
chipmunk {Tamias striatum griseus Mear.) is a typical forest margin 
animal. It nests in the ground, as a rule in burrows about 6 to 10 ft. 
long and running diagonally down to a depth of 2 to 3 ft. (zi). It stores 
nuts for winter. The jumping mouse {Zapus kudsonius Zim.) is one of 
the most characteristic residents; it moves by great leaps and steers its 
flight with its tail. The woodchuck should probably be counted here, 
though it belongs deeper in the forest than any of the others. The weasel 
is common in this situation, though it is perhaps more abundant along 
streams (Wood). 

The ground stratum supports many of the small animals of the 
adjoining forest, such as centipedes, camel crickets, etc. The cottontail 
is one of the chief residents, as it usually breeds in such situations. The 
common shrew {Sorex persortatus St. Hil.) (21) breeds on the ground, in 
stumps, etc. All of the mammals recorded in the preceding stratum 
feed here when suitable food is present. A considerable number of 
mammals commonly regarded as belonging to the forest are said to prefer 
thickets. The Virginia deer is one of these. It is probable that the elk 
was somewhat similar in habits. 

The bobwhite and mourning dove (occasionally) breed in these situ- 
ations, the former often falling a victim to the weasel (Wood). The 
high forest margin was probably a favorite location for the huts of the 
aborigines. Some of the early travelers record huts around the edges of 
the prairies. Such locations would supply shelter and firewood, etc., as 
well as sunshine. 

2. FIELD AND SHRUB STRATA 

Here the ground-cherry, milkweed, and thistle have a characteristic 
fauna. On the milkweed are the larvae of the monarch butterfly, the 
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milkweed beetle {Tetraopei ktraophtkalmus Forst.) (40, p. 136), and the 
leaf-beetle {Doryphora dincoUis) ; the latter is very characteristic. The 
milkweed flowers attract hosts of flies which are preyed upon by vari- 
ous digger-wasps; bees are numerous, gathering honey. The ground- 
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Fig. 368. — The four-lined leaf-bug (PocfUofafsus lineatus); a, adult; b,£,inimA- 

tuce forms; si times natural size (from Lugger), 

Fic. 169. — ^A long-legged fly (Psitopadiniis sipho Say); enlarged (from Williston 

after Lugger). 
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Fio. 270.— A large robber-fly {DasylUs sp.); natural size (from Williston after 

Kellogg). 

FlC. 271. — A syrphus fly {Eristaiis Unax); i\ limes natural size (from Williston 

after Kellogg). 

cherry is the food plant of the "Spanish fly" {Epicuata) and the 
Colorado potato-beetle. On the thistle we find the larvae of the cos- 
mopolitan and painted-lady butterflies {Pyrameis huntera Fab. and 
cardui Lin.). One of the most characteristic bugs is the 4-lined 
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Fig. f}2. — A leptid By (Coenomyia ferruginea); enlarged (after WiUiston). 
Fig. i73-— a laige aytphus fly (MUesia zirginitnsis) ; enlarged (after WiUiston). 
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leaf-bug {Paecitocapsus Uaeaius) (Fig. 268). The long-legged fly 
(Fig. z6q), the large robber-fly (Fig. 270), the commoQ syrphus fly 
{Enslalis tenax) (Fig. 271), a leptid fly (Fig. 373), and Afilesia virginien- 
sis (Fig. 373) visit the flowers in numbers. The garden spider occurs; 
also high in the shrubs is the brilliant Epeira gigas found also in the 
forest openings. The goldenrod gall-forming fly {Straussia longipennis) 
(Fig: 374) with its beautifully marked wings is common. Professor 
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Fic. 174. — The goldenrod gall'By {Straussi Icniipennis); much enlarged (from 
Williston after KeUogg). 

FiQ. 275.— One of the crane-flies {ffetoWa*yWrfa); enlarged (from Williston after 
Lugger). 

Fig. 176. — The tree-cricket {Oecantkus fasciatus); twice natural sise (after 
Lugger). 

Williston states that the crane-fly {Hdobria kybrida) (190) (Fig- 275) 
occurs. Several leaf-bugs occur; the dusky leaf-bug is common. 

Several species of Orlkoptera are characteristic. Of the tree-crickets 
several occur among which are Oecantkus ntvens DeG. and angustipennis 
Fitch and fasctalus (Fig. 376), Two or three katydids occur; the 
round-winged {Amhlycorypha rotundifolia Scud.) is most characteristic. 
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The grape often grows in these situations, and is especially subject to 
attack by the Phylloxera (Fig. 277) and the grapevine June beetle, the 
larvae of the 8-spotted forester {Alypia octomaculata Fabr.), and the 
grapevine epimens {Psychomorpha epimensis Dniry) {163). All of these 
spend a part of their lives in the ground. The Phylloxera (Fig, 277) 
winters on the roots of the grape. The grape-beetle larva bores in wood. 
The pupae of the two moths bore into rotten wood or the ground for 
pupation and also to spend the wtoter. This may be an important cause 
for their presence in the forest margin. Brownie-bugs are common 
(Fig. 278). 



Fig. 377.— The grapevine Phylloxera (PAyttoxeriiRufalnj: Planch.): a, leaf galls; 
b, sectkm oi gall with molhet louse at center with young clustered about; c, egg; 
d, nymph; e, adult fenmie; /, same from ude; a, natural size, others much enlarged 
(afUi Marlatt, Div. Ent., U.S. Dept. Agr.). 

One of the most interesting forms found here is MatUispa brmtnea 
(Fig. 279), This is a neuropterous insect with forelegs adapted for 
seizing prey. Its larva is a parasite in the egg-cases of spiders. The 
adult appears In July. In the'autumn, after the leaves have fallen, one 
sees many nests of spiders on the high forest margin shrubs, so the young 
parasites have a good chance to secure their best food conditions here. 

Hawthorns often occur, and on the trunks we find woolly plant-lice 
(Sckiztmeura) in great white dusters (150). The hawthorn supports 
many of the pests of the apple. 
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The birds of the high forest tnargin arc numerous (191). The gold- 
finch builds a nest of thistledown, grasses, etc., on shrubs or low trees. 
The chipping-sparrow builds its nest of rootlets and lines it with horse- 
hair. The Baltimore and orchard orioles build elaborate nests on the 
shrubs and feed in the open. The field sparrow sometimes builds 
on the rank weeds, in other cases on shrubs near the ground. The 
mourning dove, the indigo bunting, and the yellow warbler nest on 
shrubs; the latter often builds near water. The redstart builds in the 
forks of bushes and trees. The lo^erhead shrike is common. The 
sparrow-hawk nests in deserted woodpecker holes near the edge of the 
woods and feeds in the meadow or prairie. The Sicker is similar in 




FlO. 178. — A brownie-bug (Enclitnopa 
binelaia S^y); enlaiged (after Lintner). 

Fio. 379.— Odb of the Mantis-like 
neuioptera {MaMiipa brunnea) ; enlarged. 

habits, but uses holes of its own making. The bronzed grackle and 
sharp-shinned hawk nest in trees near the forest edge and feed in the 
prairie. The cowbird, which lays its eggs in the nests of other birds, 
often chooses those nests of the high forest margin. 

IV. General Discussion 
The forest margin, as we have seen, possesses in addition to the char- 
acteristic species a considerable number of species which frequent the 
prairie or forest; our list includes the breeding species. The classifica- 
tion below shows the various types of habit in birds and mammals. 

FoBEST Mabgin Bibds and Mammals 
(Compiled from literature cited) 
B indicates high forest margin; £, low forest tnarBJn. 
A. Breeding in the ground under the shrubs; feeding in the meadows or 
prairies and woods. 
I. Mammals: Skunk (H), Chipmunk (H), Franklin ground squirrel (H), 

Jumping mouse (ff). Feed chiefly in woods. 
1. Birds: No birds have this habit. 
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B. Breeding on the ground among the shrubs and feedmg in tbe open meadows 
or prairies. 

I. Mammals: Common shrew {Sortx personatus) (L), the cottontail (H). 
3. Birds: Bobwhite (3), mourning dove {B) sometimes, northern yellow- 
throat (L) sometimes, song sparrow (L) sometimes. 

C. Breeding on the shrubs and feeding in the forest edge and sometimes in 
the open meadows or prairies. 

1. Mammals: None. 

2. Birds: (a) Low forest margin: song sparrow, goldfinch, indigo bunting, 
northern yellowthroat, brown thrasher, and catbird. 

(6) High forest margin: goldfinch, lark sparrow, chipping-sparrow, 
field sparrow, indigo bunting, yellow warbler, redstart, loggerhead 
shrike, mourning dove, catbird, cowbird, Baltimore oriole, bronzed 
grackle, brown thrasher. 

D. Breeding in the trees of the forest and feeding in the prairies. 
I. Mammals: raccoon. 

3. Birds: Sparrow-hawk, sharp-shinned hawk, and several other hawks, 
flicker, bronzed grackle. 

The list shows animab which breed in the margin of woods and often 
feed not only there but in the prairies. Similar relations were noted by 
Bates in the savannas along the middle Amazons. The advantage of the 
forest margin lies in the facts of: (i) shade for the nocturnal and crepus- 
cular forms; (a) abundant space in the thickets for nests; (3) large stiff 
plants which accommodate the large animals : (o) places for the spiders to 
stretch their nets; (b) plants large enough for the roosting- and nesting* 
places of birds and larger insects; (4) protection from wind and from 
winter freezing afforded by the forest. From the standpoint of food 
relations many forest margin animals must be counted in with the 
prairie forms. 

One of the most striking facts concerning the forest margin animals 
is (fl) their wide distribution and (6) their survival under agricultural 
conditions. Many animals of importance as crop pests belong to forest 
edges rather than to the forest proper. They take possession of the road- 
sides when the country is cleared. Their distribution is a function of 
the forest margin type of habitat. While it is a characteristic feature 
of the forest border area, it is also to be found extending along the 
wooded streams into the great plains and toward the east through the 
forest area, as the shrubby bluff, the creek and river margin, the fired 
area, and the marsh margin. While local and always leading a precari- 
ous existence tn unstable situations, this type of community, probably 
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by virtue of its adaptation to such conditions, lias given us a very large 
Dumber of animals of very condderable economic importance. Tables 
UUn and LXIV indicate the forms which we have found common to 
the forest margins and other situations. 

TABLE LXm 

Ahuuls Rscokdbd for a Uoist Low-Gkound Forest Makoh ok TmcKST Near 

Wolf Lake (Station 45) 

The names that are starred represent animals that have been recorded from the 

shrubs and weeds akniK the margins of bogs, lakes, ponds, and streams, June i; to 

August 30. 






Oib-weavin^ sinder 

Jumping spider 

'Garden spider 

*LoDg-bodied spider 

*OTb-waving st^der 

*Orb-weavinK'qrider 

Black-sided locust 

Tree-cricket 

Fork-tailed katydid 

Ndtraska conebead 

'Robust lubberly locust. . 
*Red-l^ged graaabopper. . 

'Giwalumer 

■Oblonc-wiDged katydid. . 

Loog-faomed grassbopper . 

Cordd 

Candlehead 

•Stinkbug 

'Four-lined leaf-bug 

Cordd 

Solitary wasp 

'Buffalo tree-w^qier 

Long-legged bug 

'Ambusn^ug . , 

•Phot-bug 

'Tamishcd plant-bus 

Flower ground beetle. . . . 
'Willow-beetle 

Willow-borer 

Elm-borer 

Introduced beetle 

'Goldenrod beetle 

Fork-tuled larva 

•Wasp 

*Jug-maklDg wasp 

'Sawfly 

SwaUowtad 

*Haia larva 



ScKiUfic Nmn 



Singa variabilu Em. 

Altos polmtrit Peck. 

Argiopt miraniia Lucas 

TtlrapMllia laboriosa Htz. 

Eptwa kiriUata Key 

Epeira Irifoiium Htz. (rare) 

XipMdium nigropteura Bruncr 

Oecantkas Jasdatus Fitch 

Scujderia/urcala Bruner 

Cenocephalus tubrascensis Bruner 

Mdottopius differentiolit Hios. 

MeiaHOP^femiiT-mbntm DeG. 

MttaKoplus biviUaSut Say 

Amblyetrypia ebloHgi/eha DeG. 

OrcMimum indiontnse Blatch. 

Protautr Mfragei Htgt. 

Seotops siddpts Say 

Emclmlus fissHis UhL 

Poecilocapsui lineaiui Fab. 

Corynccoris distincUu DaL 

Odynenu ligrii Sauss 

Ceraa bubolus Fab. 

If tides muticus Say 

Pkymaia eroiofasciaia Gray 

Addpkocoris rapidus Say 

Lyif*^ pfotensis Linn. 

Coilida ptinetata Lee. 

Lina scripta Fab. 

Soperdo conedor Lee. 

Saptrda loUraiis Fab. 

Cryplorkynckus tapathi IJnn. 

Trirhabda tormcntosa canadtntis Kirby 

Centra sp. 

Polista tariafus Cress. 

Evments fralemus Say 

Cimbex omencana Leach. 

Papilio crespkonles Cram. 

Bemilettea maia Dru. 
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TABLE IXIV 
[E MEDiini Moist or Climatic Fokest Edge ok 
T Riverside, III. (Station 48) 
Those starred have been taJcen from weedy and sbnibbj' roadsides and identified 
by specialists. According to the author's field identification neariy all should be 
stalled. 



Cnb~spider 

Juinping spider 

Spider (Diclynidat) 

•Orb-weaving spMet 

Texas gnrahcf>per 

Spittle insect 

Leaf-hopper 

Four-lined leaf-bi^g 

JL«af-bug 

Stinkbug 

Long-honed beetle 

Long-homed beetle 

Toitdse beetle 

Tortdse beetle 

*01d-fa3tuoned potat4>-beetk. 
•Gotdouod blister beetle. . . . 

Dock curcuUo 

Leai-beetlc 

Beetle {Erotylidaej 

Beetle {Eralylidae) 

•Beetle 

•Grapevine beetle 

•Milkweed leaf-beetle 

Ground beetle 

Oak-pninine twig-borer 

Fbwer beetle {Cwabidae) . . 

Lantem-fly 

Wasp 

Bee {Baiictidae) 

Crane-fly 

Crane-fly 

Y\y 

Goldenrod gall fly 



Scientific Name 

Runcinia aJtaloria Hti 

Mania niger Htz 

Pisaurina undala Htz 

Dictyna fiAiacca Htz 

Epeira IrifoUum HU 

Atypui milberli Walck 

Clubiona ebesa Htz 

Scudderia Uxetisii S. and P 

CloilopStra proltus Fitch 

Ditdroupkaia coainea Fotst 

Poecilocapsus lintatus Fab 

Stipkrosama stygica Say 

Ilnacora ilalii Reut 

Podisus macuiivtniris Say 

Obtrca Iripanctata Sw 

DecUs spinosus Say 

Coplocycla hicalor Fab 

Coptocyda signifera Herbst 

Epkaula uarginata Fab 

Epicauia pennsylvanica DeG 

Lixus macer Lee 

Chelymorpha argas Herbst 

Languria aaguitata var. Iri/asciata Say.. 

A crapUryx gracilis Newm 

Odoniota nervosa Panz 

Ptlidnota punctata Linn 

Daryphara ctineoUii Kirby 

Lebia altivenlris Say 

Elaphidian villasum Fab 

Cailida puaclala Lee 

Mcgametut marpnatus Van D 

Crabro intermplaius D.T 

CUaraiiclus crcssatii Rob 

Hclobia hybrida Meig 

Packyrhina ferTuginea Fab 

CaeKomyia ftrruginta Scop 

Stratasia longipennis WiM 
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CHAPTER XIV 

PRAIRIE ANIMAL COMMUNITIES 
I. Introdcctiom 
We have noted that a part of the region about Chicago is to be 
classed as savanna and that the savanna is made up of trees in groves 
and along the streams, and of forest margin and prairie. Prairie may 
roughly be separated into high and low. The low prairie commonly 
exists in depressions in the moraine, lower places in the plain of old 
Lake Chicago. They are usually covered with water in the spring. 
The high prairie is above water and is dominated by different plants. 
As the depressions are filled or become better drained, high prairie 
plants capture the habitat. 

II. Prairie Fosuations 
We have noted that the low prairie is covered by water in spring 
(Figs. 280, 281). As the water dries up, which usually occurs by the 
middle of May, the prairie plants begin to grow and the prairie animals 
make their appearance. This change does not take place abruptly, 
but gradually. There is a succession of adult-stage animals through 
the summer. This Is what is known as seasonal succession. 

I. SEASONAL succession 

When the snow melts in March and the frost goes out of the ground, 
the salamander {Amhlystoma UgrinuM) comes out of the ground and 
soon deposits masses of eggs in the water. The young of Eubranckipus, 
Cyclops, and rotifers appear after a few days and often reach adult size 
by April I. On April 6, 1908, Mr. Dimmit found adult Eubranckipus, 
Cyclops, and rotifers in the pond south of Jackson Park. The sala- 
manders had disappeared. On April 12 three species of flatwonns 
{Vortex viridis, Planaria velata Stringer, and Deitdrocoelum) had appeared, 
and the first frogs were noted. On April 14 he found frogs' eggs and 
the red crustacean {Diaphmus). Eubranckipus was at its maximum 
abundance. On April 19 he found Dapknidae, rhabdocoet worms, and 
tadpoles. On May 3 but few Eubranckipus were found. Diaptomus was 
plentiful, perhaps at its maximum abundance. Dapknidae was more 
abundant than before. Planaria were near their maximum. On May 10 
378 
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E^anckifms serralits had disap[>eared and Dtaptomus was not common. 
Our next record is one month later, when the grasshoppers and other 
prairie or land species had begun to appear. This succession is of 
annual occurrence. The temporary pond conmiunity is seasonally 
succeeded by the tow prairie community. Flies which breed in water, 



Fig. iSo. — A prairie pond, still permaaent. 

Fig. 381. — A tempoiary prairie pond in ^ring. The short dead grass indicates 
ihat a crop was harvested the preceding season. 

such as Scoliacentra (Fig. 282) and Tetanocera (Fig. 283), are common 
(also Figs. 284, 285, 286). 

2. LOW PRADUE ASSOCUTION 
a) The subUrranean-ground stratum (Stations 42, 43, 44, 45; Table 
LXV). — Earthworms are abundant. Several of the grasshoppers de- 
posit their eggs in the ground. The larvae of the dick-beetle {Melanotus 
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Fig. 381.- 
Fio. aSj.- 



-A low prairie fl 
-A low prairie fl 



(,SceliiKcntra htlvola hacw); ealnrgtd. 
{Tctanccera umbrarum); enlarged- 
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Some Low Pbauue Flies 
Fig. 284.— Pipuncuius fuscus (aitct Lugger from Williston). 
Fig. 185. — Tabanus lineola Fabr. (after Lugger from WiUiston). 



Fig. 186. — SpUogatUr sp. from WiUiston, who says it inhabits high grass. 
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fissUis), of the strawberry flea-beetle (Typopkorus caneUus), and the 
com rootwonns (Diabrolica) (174), and of many other insects well 
knowa in economic literature, burrow into the roots of the plants in the 
larval stage. Many of the grass-eating cutworms, caterpillars, and 
sawflies (Fig. 187) pupate beneath the surface of the ground. The 
salamander {Amblyshma tigrinum) spends ten months of each year buried 
in the mud of such temporary ponds. The Penns^elyajua meadow-mouse 
(Microlus fennsylvankus Or.) has been common in these situations. 




larvae (a and b natural sise); c, larva; 
>/enlaiged as indicated) (after Marlatt, 



Fic. 187. — Gias3 sawQies: a, eggs; b 
d, cocoon; e, adult male; /, adult (emale (c 1 
Inttet Life). 



The star-nosed mole burrows beneath the sod. It is remarkable for its 
curiously fringed nostril. The wetness of the ground excludes other 
burrowing mammab. 

One of the most abundant forms found here is the snail {Succtnea 
avara). The ant {Formica subpoHta var. neogagaUs Em.) is also usuaUy 
common. It builds a bill and burrows below the surface of the ground 
also. Several snout-beetles, the adult click'beetles, and the short- 
winged grouse locust {Tettipdea parvipennis and pennata) are common 
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on the ground. The 6-spotted spider {Dolomedes sexpunctatus) preys 
upon the other small animals. The common toad and the marsh tree- 
frog {ChoTOphilus nigritus) are common (139). The latter is particularly 
abundant in the autumn. Its eggs are laid in April in the temporary 
pools. Transformations are complete by the last of May. The prairie 
garter-snake {Thamnopkis radix) was formerly common. It is known to 
feed upon the swamp tree-toad. The prairie water-snake {Tropidanclm 
grahamii) was formerly common in and about prairie sloughs (22). 

The bobolink builds a nest here in a bunch of grass; the meadow 
lark and dickdssel build nests of grass and weeds, usually arched over. 
The bisons, residents of the high prairie, were fond of rolling in the low 
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Fig. 188. — The large green lea.f-hoppei 
(Draeculaafikala moUipti)'. a, young; i, one 
halt-grown; c, adult; enlarged as indicated 
(aftei Forbes). 

Fig. i8g.— The si: 
{Cicadula sexnolala); 
(after Forbes). 



wet places on the prairie and covering themselves completely with mud. 
This must have destroyed numbers of pond animals and badly disturbed 
others. 

6) The field stratum (Stations 42, 43, 44, 4S; Table LXVI).— This 
is the chief stratum. While various conditions of the subterranean 
and ground strata, depending upon nearness to ground water, could be 
recognized, our studies have not been sufficiently detailed to warrant 
attempts at separation. A girdle of bulrushes can, however, often be 
distinguished. 

Bulrush girdle: Two of the large green leaf-hoppers {Draeado- 
cephala moUipes [Fig. 288] and Cicadula 6-notala [Fig. 289]) are common. 
The damsel-bug {Redumolus ferus), which feeds upoo leaf-hoppers, is 
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sometimes taken. The slender meadow grasshopper {Xiphtdium fasci- 
iaum) is common, but breeds in the sedge zone. A flea-beetle {Monachus 
saponatus), the la-spotted DiabroUca {Diabrolica is-puHclala) (156), 
and the salt-meadow snout-beetle {Endalus limattdus) (156) are the 
chief beetles. 

The spiders {Epeira trivittata and Tetragnatka laboriosa) are common. 

The dies of this girdle are perhaps the most noteworthy insects Several 

species of brownish or yellowish flies with conspicuously marked wings 

are nearly always common. They are Sciomyzidae {Telanocera plumosa 

and umbrarum) (Fig. 283). Other characteristic 

flies are Osinidae (Chlorops sutphurea Leow.), 

midges, mosqmtocs, Dolichopodidae, RosopkUidae, 

and AtUhomyidae. The blue and yellow moth 

{Scepsis fvlvkoltis) is common. 

Boneset and sedge girdle: The buffalo tree- 
hopper {Ceresa bubalus) (Fig, 259) is found here. 
The dusky (Fig. 361) and tarnished plant-bugs 
(Fig. 262) suck the juices of the mint and other 
plants. The ambush-bug and the damsel-bug 
often lie in wait in the blossoms for prey. 



Fig. igo. — Larva of Ihc salt-marsh caterpillar {Esligmeiia ocraea Dru.); natural 
Mae (after Forbes). 

Fig. ipi. — Adult feniale o( the same; natural size {after Forbes). 

Aphids occur and with them are the syiphus flies, lady-beetles, 
and other aphid enemies (164), which are discussed more fully in 
connection with high prairies. The bright green beetle {Chryschus 
auratus) feeds on the small-leafed milkweed. One of the com "bill- 
bugs" (174) or snout-beetles (Sphenopkorus ptrtinax Oliv,), another 
snout-beetle (Cryptocepkalus venustus), common garden pests, as well as 
the leaf-beetle (Typophorus canellus) are common (174). 

One of the most characteristic groups of the low prairie is that of the 
grass-feeding larvae. The first of these to apjjear in spring is the grass 
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sawfly (Fig. 287), which is very abundant in early June. Associated 
with this are many cateipillars {174). The greasy cutwonn {AgroUs 
ypsiloH Rott.) feeds upon the strawberry. The army worm (Lucania 
unipuncta Haw.) feeds upon a variety of plants, and several of its near 
relatives occur. The larvae of the salt-marsh caterpillar {Eitigmene 
acfaea) (Figs. 290, 291), the yellow bear (Diacrisio virgtnica Fab.) (Fig. 
39a), hedgehog caterpillar {Isia isabeUa S. and A.), and Apantesh 
phaiterta Harr. are common. 

Of theOrthoptera.Xipkidiumfasciatum and the 2-lined locust (If e/arto- 
^us binOatus), the red-legged locust {MdanopUa femur-rubrum), and 
the short-winged brown locust {Stenobothrus cwtipennis) (Fig. 293) 
are most characteristic. 



Fig. 391. — The yellow bear: a.Urva; 
b, adult (Diacrisia virftHica Fabr.) ; nat- 
ural ^ze (after Forbes). 

Fig. 193. — The short-winged brown 
b locust (SUnobotkrus curtiptnnii) (after 

292 Lugger). 

On the flowers are many flower-frequenting flies, viz., Sparnopolius 
Jlavius Wied., AsUus sp., SyriUa pipiens Linn., Coenosia spinosa Walk., 
Paragus angusti/rons Loew., Pachryrkina ferruginea, and HdopkUus 
conostoma Will. Preying upon the various insects are the mud-dauber 
wasp {Scelipron cementarius) and the digger-wasp (Ammophiia nigricans). 
Parasites, such as Icknevmon zebralus, Paniscus gemminatus, Epeolus 
cressonii, etc., occur upon the plants, and certain of them are often 
found engaged in depositing eggs in or on caterpillars. The onion-fly 
{Tritoxa fiexa) (190) is striking because of its black body and black 
wings, obliquely marked with white. 

Spiders, e^>ecially crab spiders, are abundant. The white Misumena 
vatia occurs on the milkweed and the flowers of the mint. Epeira 
triviUala and the long-bodied spider (Telragnatha laboriosa) occur on the 
blossoms and stems of various plants. 
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HIGH PRAIRIG ASSOCIATION 
(Stations 47, 48; Table LXVII) (Fig. J94) 

The type of vegetation which dominates the high prairie is most 
noticeably characterized by the silphiums — the rosin-weed and the com- 
pass plant. The former has broad undivided leaves, the latter divided 
leaves which usually face east and west. This plant formation springs 
up throughout the temperate American forest border area on all well- 
drained ground. It succeeds the low prairie as the depressions occupied 
by the latter are filled or drained. The high prairie then succeeds the 
low prairie just as the bulrushes succeed the pond plants; the sedges, 
the bulrushes; and the boneset association, the' sedges. All stages in 
the development of a pond into prairie may be found near Chicago. 
Dr. Cowles is of the opinion that shallow ponds with gently sloping 
sides develop into prairie, while deeper [>onds with steep sides develop 
into forest. 

a) Sithterranean-ground stratum. — Earthworms abound. The larvae 
of the May-beetles and other Scarabaeidae are abundant, feeding on the 
roots of the prairie plants. The May-beetle is often parasitized by a 
wasp larva {Tiphia vulgaris) (Fig. 397, p. 289) (189). The eggs of the 
z-lined locust {Melanoplus bivUtatus) are deposited here in the ground. 

The 13-lined ground squirrel {Citdlus ij-tineatus) (21) is a slightly 
gregarious species, strictly diurnal, staying in during dull and cloudy 
days. Its burrows are from 3 to 16 in. below the surface, and often have 
five or six entrances into a larger cavity lined with grass. In a den 
studied by Thompson-Seton the nest was centrally located. Food, 
which includes cabbage butterflies, cutworms, grasshoppers, beetles, 
ants, birds (shore lark and lark bunting), and vegetation, is carried in 
the cheek pouches and stored. The ^>edes is non-social. A brood of 
about eight young are produced in April. 

The prairie deer-mouse (Peromyscus hairdii H. and K.) (21) is still 
probably common. According to Thompson-Setoa (143) its home range 
is about 100 yds. It is neither social nor gregarious. It is strictly 
nocturnal and active all winter, though some seeds are stored. Its 
food is chiefly seeds. Hawks and owls frequently prey upon it. 

Of the extinct forms several are characteristic. The coyote {Canis 
latraas Say) was formerly common. According to Thompson-Seton 
(143), its home range is ten miles. The den b in a bank or an abandoned 
badger hole. The nest is a cavity 3 ft. in diameter, with an air-shaft. 
It is not so sodal as the gray wolf. Three to ten young are produced 
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in April and are fed on disgorged food by the mother. The food con- 
sists of ground squirrels, mice, rabbits, frogs, birds, and grasshoppers. 

The badger (Taxidea taxm Schr.), according to Thompson-Seton, 
digs a U-shaped burrow with two openings about 6 ft. deep. It is a 
very rapid burrower. It is nocturnal, but basks in the sun at the 
mouth of its burrow and hibernates. Its food consists of mice and 
ground squirrels. 

The pocket gopher (Geomys bursarius Shaw), according to Thompson- 
Seton, makes a burrow 3 in. wide. It burrows with its feet and when 



Flc, igs —The nest and eggs ot the prairie chicken. Photo by T. C. Stephens. 

a pile of dirt has been loosened, turns about and forces it to the exterior 
with its head. The coyote sometimes rears its young in badger holes on 
the prairies. 

On the ground we find ants (Myrmica rubra scabrinodts), one thou- 
sand of which were found by Judd (191) in the stomach of a single night- 
hawk. Ground beetles are common. Crickets, spiders, and weevils 
all frequent the ground. Most of the field stratum species hibernate 
on the ground under the fallen plants. 

The common toad is rarely wanting near water. The garter-snake 
{Thamnophis radix) has been recorded by Ruthven (156) from such 
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situations tn Iowa. The green snake {Leopeltis vernalis) is the most 
charactaristic reptile. The prairie rattlesnake or Massasauga {^ii- 
trurus catenalus) was formerly common (33). 

Eight nesting birds, all of which are quite familiar to everyone, occur. 
The bobolink nests in a bunch of grass. It feeds upon flea-beetles, 
weevils, ants, bees, wasps, and grasshoppers of the field stratum. The 
meadow lark feeds on parasitic hyraenoptera, including the parasite of the 
May-beetle, ground beetles, crickets, grasshoppers, weevils, spiders, etc. 
The dickcissel is similar in habits. The grasshopper yarrow feeds on 
long-homed grasshoppers, fiea-beetles, cutworms, and parasitic hymen- 
optera. The vesper sparrow feeds upon moths, flies, ants, beetles, 
grasshopper eggs, etc., and grain and weed seeds. The nighthawk 
builds no nest, flies at twilight, and feeds chiefly upon ants. The 
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Fig. iqb — Tlie adult of the wasp which 
is parasitic on tbe May-beetle gnibs 
{TipUa wdgarU) (after Forbesl. 
Fig. ag;. — The larva of the same (after 
296 Forbes). 

prairie chicken is the most characteristic bird. Its nest is a simple 
hollow in the grass (Fig. 295). The prairie homed lark builds a nest 
lined with thistledown and feathers. The lark bunting nests in a tuft 
of grass. 

All of the mammals noted in the subterranean stratum should be 
added here, as nearly all of them feed largely in the ground and field 
strata. 

The field-mouse {Mkrolus ochrogasUr Wagner) (21) is a resident of 
the ground stratum. Its nest is a pile of grass fragments on the ground. 
The species feeds chiefly upon grasses and cultivated plants. The 
bison (Bison bison Linn.) is the most characteristic mammal. Tbompson- 
Seton says that the bison population of North America was originally 
75,000,000. This animal generally went in clans or families which are 
said to have had characteristics of their own. An old cow was the 
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Fig. jqS. — A viviparous grain louse {Mocrtsiphvpi groHaria Kiifay) with her 
newly bora young on a barley leaf (after Wa^burn, Bull. to8, Minn. Agr. Exf. Sfa., 
Fig. 2, p. i6i). 
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Fio. 199. — A parasitic wasp depositing 
eggs in the body of a grain louse (after 
Washbum, BaU. loS. Fig. 16, p. 274). 

Fig, 3oa.~A louse killed by a parasite 
(after Washburn, /ot-cil., Fig. ij,p. 176). 



Fic. 301. — The life history of the golden-eyed lacewing (Chrysopa ocutala): 
o, eggs; b, the larva — "aphis-lion"; e, foot of the larva; ^, the larva seizing an aphid; 
«, the pupal cocoon; /, g, h, the adult; k, natural size (after Chittenden, Div. Ent., 
U.S. Dept. Agr). 
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small drcular openings on the abdomen can often be seen sticking to 
the food plant (Fig. 300). The aphis-lion, which is the larva of the 
golden-eyed lacewing, feeds upon them (Fig. 301), The eggs of the 
lacewing are peculiar in that each is attached to a stalk. This is 
supposed to be an adaptation preventing the larvae already hatched 
from devouring the remaining eggs. The larva of the syrphus fly 
(Mesagramma sp.) (Fig. 303) devours the aphids in numbers. Lady- 
beetles, both adults and larvae {Bippodamia parenthesis Say, MegiUa 
maculata) (Fig. 303), eat aphids. 

In June the narrow leaf-bug (Miris dolobrala) and the dark leaf-bug 
(Horcias goniphorus) are usually very abundant; both are chamcteristic. 



Fig. 30Z. — A syipbus fly (Mesopamma poliln), adult (after Fotfaes); a, the 
larva which feeds on aphids; b, pupa; enlarged as indicated (from Forbes after 
Riley and Howard, Div. Ent., U.S. D^t. Agr.). 



Later in the season their places are taken by several others {Lygus 
praUnsis and Addphocoris rapidus). The garden £ea-bopper {Halticus 
uhkrt) occurs on the under side of leaves. The squash-bug family is 
r^resented by Atydia conspersus. 

The tree-hoppers are represented by the buffalo tree-hopper {Ceresa 
biibalus), and the curve-homed tree-hopper {Campylenckia curvata). 
The only lantem-fiy recorded is Amphiscepa bivittala. Leaf-hoppers are 
numerous; about ten species have been taken. 

The species of OrthopUra are mainly different from those of the low 
prairie. The a-lined and short-winged brown locusts still continue. 
Xipkidium slrictum (Fig. 304) takes the place of fasciaium. The com- 
mon meadow grasshopper {Orckdimutn vuigare) and an occasional Texas 
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katydid {Scudderia Uxensis) are taken from the goldeorod. From the 
goldenrod we also take the goldenrod beetle {Trirhabda lormentosa 
var. canadensis) and the case-bearer (Pachybrackyi). The lady-beetles 
{Cycloneda, Bippodamia, MegiUa, etc.) are common. The clover-leaf 
beetle {Languria mmardif) (Fig, 305) is also of common occurrence. 
The snout-beetles are represented by the large, elongated Lixus (Fig. 
306), the larvae of which feed in the stalks of rank weeds. 




Fig. 303. — The lady-beetle (.UegiUa mociJiifa DeG.) and its life history: a, larva; 
6, pupa; e, adult (Chittenden, U.S. Dept. Agr.); enlatgM as indicated. 




Fig. 304. — Meadow grasshopper {Xiphidium slriclum Scud.); twice natural size 
(aftet Foibes). 

The onion-fly occurs in connection with the prairie onion. Eristalis 
tenax is common on the flowers. Various flower-flies occur. Waiting 
in the flowers for such animals as may come are the ambush-bugs {Phy- 
mala erosa fasciata), and the crab spiders {Misumessus asperalus and 
Runcina aJeatoria). The jimiping spiders {Phidippus podagrgsus) are 
also predatory (138). The orb-weavers {Epeira trivUiala, Agriope 
trifasciata) build webs into which many insects fall. 
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Fig. 305. — The dovet-stem boiet {LaHguria mozardi Lee) : a, the egg; b, 
Urvai d, the pupa; «, the adult; much enlarged (after Folsom from Foibes). 
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III. General Discussiok 
One of the strildng peculiarities of the prauie formation is the almost 
complete cessation of life activities of all the smaller animals in winter. 
In this respect the prairie animals follow the plants. In spring we find 
chiefly the insignificant seedling that has sprouted from bulb or seed, 
and the nymph that has just hatched from the egg. As the season 
advances the plants become adult, the majority of these reaching 
maturity with the animals in midsummer. 



^, 



Fig. 306. — The dock cuKulio (£JnM coDMVM Sfty) : o.ulult; t,esgi 
h&tched and (uU^grown larva; «, pupa; /, tip of pupa from above; about ti 
size (from Forbes after Chittenden, Div. Ent., U.S. Dept. Agr.}. 



The low prairie is of interest because of its relation to the eastern 
forest region. Many if not most of the low prairie forms probably 
originally occurred in the marshes of the eastern forest region and the 
river-bottom swales of the prairie and great plains. Many of them 
(such as place their eggs into plants) are quite independent of the ground, 
and therefore are most likely to survive under conditions of cidtivation 
where mesophytic plants are favored and the cultivation of the soil 
does not interfere with their activities. 
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TABLE LXV 
Low Pkaikie ANnuis Ikhabiting the Gsound 
R-River«de (Station 48); W-neai Wolf Lake (near Station 45); J-souih of 



Jackson Park (Stations 41, 43). 








Commoo Name 


Scientific Nmme 


HiUut 






R 
R 
R 
R 
R 
R 
R 
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CUatniui aatim! Sa.y 
















OtypiUa com/mrcata Thor 

DiplockUa htkoUit Lk 




K::::;:::::::::::::: 










Anaiyskfma limnum Green 
















ChorophUus nifrilus Lee 



















T^LE LXVI 
Low Prairie and Tekpokaxv Marsh Akduls Frequenting the Vegetation 
B-the triangular bulrush IwU about Wolf Lake (Station 45)1 S-'the sedge 
belt of the same; J— sedge prairie soutli of Jackson Park (Stations 41, 43); R^sedge 
prairie near Riverside (Station 48), June 15 to August 30. 



CodunaaNuBe 


Scientific Nunc 


Habiut 




Eugnaiha straminta Em 

DoUmfdt! stxpunclatus Hti.. . 


B 
B 
B 

B 
B 


S 
S 
S 

s 

s 

s 

s 
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J 




^.'^:::::::. 






Tetragnalka laboriosa Htz 

RuiKi«ia alcatoHa Htz 

Misumcna vaiia Clerck 

Arfiope Irifasciaia Forsk 

Argiopt auratitia Luc 




White crab spider..... 

Striped spider 

Garden spider 






AgiUtta natviaVf aXck. 

Xiphidiumfascialum DeG. . . . 

Slenobolhrus curliptnnis Harr. , 
Orcktlimum vuigare Harr 




Slender meadow grass- 




Sbort-winsed brown 1^ 




Red-I^ged grasshopper 


R 
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Commod Nunc 


SckotiSi: Nime 


Mibitat 




ScuddtriaUxen5isS.lLDdF... 
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s 


1 






NetiKbius macules BUtch. . . 

Meianoplus bimttalm Say 

Mdaneptus viridipa Scud. . . . 

Ti»aioo>rUiisa>U>r\M 

Cicaduta sexitolata Fall 

Athysanus siriolus Fall 




i-lined locust 


R 
R 


6-spotUd leaf-hopper. . 
Large leaf-bopper 












iS^-hK' : 




iS-S^::::::::: 








Tarnished plant-bug.. . 




AdelpkDcorii rapidus Say 

Athysaniis paraiUlus Van D . . . 
Pkymala rrosa fascitda Gray. . 

Dtmacia sublUis Kunze 

DiabrotUa li-puiKtattt OUv. . . 
EndiUus limaialus Gyll 

Mtlanotusjismt?a.y 

Ckrysockits auralus Fab 

Nodonota tristis CHiv 












Long-homed i^-b^tle 
Marsh uwut-beetie.. . - 


J 

} 

J 

J 
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Cryptoaphalus venuslui Fab. . 












Milkweed beede 


TtlroQpes letraophthalmus Forst 

DtimeHiscapalisLec 

Tetonoctra unbraTum Linn. . . 
Telanocera plumosa Loew 








Cloudy-wiiiged fly 

iM'.'^:::::: 




SyrphHs amtficanus Wied. . . . 




ctaSy ...■.: : 






Pormiia subpotUa neogagoUs 














&ST I' :::.'.::::: 


AgaposUmm viridulus Tab... 

Scepsis /idvkMisHbjt 

Mesegramma gemiitata Say. . . 
PMiles variafus Cress 
























wasp 
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TABLE LXVII 
Aktuals Usually Cowion oh Cokpass-Plant I^caibiz 
Collections made near Rivereide (St&tion 48) and Chicago Lawn (StaUon 47}, 
June IS to August 30. 



Cricket 

Tumping spider 

Jumping siHder 

Jiunping ^ider 

Jumping spider 

Garden spider 

Ant 

Grasshopper 

Meadow grassliopper , 
Meadow grassbc^qier . 

Brown locust 

Conehead 

Katydid 

Leaf-liopper 

Lea[-lK^^>er 

Leaf-helper 

Leaf-bug 

Leai-bug 

Leaf-hopper 

Membracid 

Garden flea-hopper. . 

Stinkbug 

Leaf-bug 

Leaf-hopper 

heai-hsippa 

Negro-bug 

Cordd 

Stinkbug 

Leaf -bug 

Leaf-bug 

Beetle (Mordellid) . . 

Lady-beetle 

Case-bearer 

Strawberry beetle. . . . 

Beetle 

Syiphusfly 

Green snake 



Nemcbius faiciattu viUaliu Harr. 
Maevia niger Htz. 
Pkidippus podagrosus Htz. 
Pkidippus loreaiis B. 
Pkidippus rufui Htz. 
LiobuHum pandt Say 
Argiope trtfasciata Fors. 
Formica cinerea var. noKiiiereo Whi 
Orphultlla speciaa Scud. 
Orchelimam ndgare Harr. 
Xipkidium stH^lum Scud. 
Sl«iu)betkna curtiptnnis Harr. 
Conoctphaius tnsiger Harr. 
Scudderia Uxensii S. and P. 
Athysanus siriolus Fall. 
AgaUia 4-puiKlala Prov. 
Platymetopius ocutus Say 
Trigonolylus ruficornis Four. 
Miris dolabraUi Linn. 
ChhnHeUix ipaiuiata O. and B. 
SticUxephala luUa Wlk. 
Eailicus ukteri Giar. 
Euschislus variolariiis Pal. Beauv. 
Phgiagnalhus politus Uhl. 
Euitttix straminta Osb. 
Empoasca maii LeB. 
Thyreocoris pulicaria Van D. 
Alydus conspersHS Mont. 
Casmopepta camifex Fab. 
Carganus fusiformis Say 
Harciai margtnaiis Reut. 
MordtUistena conaala Lee. 
Cycloneda sanguinea munda Say 
Packybrachys sp. 

Typopkorus cantUus gilnpts Horn 
PkoliHUS puncluiatus Lee. 
ErislaJis lenax Linn. 
Liopellii tematii Harlan 
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CHAPTER XV 

GENERAL DISCUSSION 
I. Introduction 
We have briefly presented some facts regarding the nature and 
environmental relations of animals, dn account of the environment, and 
a discussion of the inhabitants of some of the type habitats of the forest 
and forest border regions. We noted also in preceding chapters some 
a;^>ect of relations of the animals of the same and of different com- 
munities to one another, and our relations to them. We may still 
present (a) the relations of the different communities to one another, 
(6) the laws governing distribution, and (c) a discussion of the relations 
of ecology to broader geogra[diic problems. 

II. Application or the Laws Governing Animal Acnvinzs to 
World and Regional Problems 
As was stated in the first chapter, the relative importance of different 
environmental factors is not definitely known, but probably in local and 
experimental conditions, land environments can best be measured in 
terms of evaporating power of the air, light, and materials for abode, 
aquatic environment by carbon dioxide, oxygen, and materials for abode. 
In explaining extensive or regional distribution, a few factors have 
been emphasized and these usually in the sense of barriers. Merriam 
(48) emphasizes temperature, Walker (128) atmospheric moisture. 
HeUprin (193, p. 39), like most paleontologists, emphasizes food. 
Nothing is, I believe, more incorrect than the idea that the same single 
factor governs the regional distribution of most animal species. Since 
the environment is a complex of many factors, every animal, while in 
its normal environmental complex, lives surrounded by and responds 
to a complex of factors in its normal activities (44, p. 193). Can a 
single factor control distribution? 

I. REACTIONS to SINGLE FACTORS 
Considerable physiological study of organisms has been conducted 
with particular reference to the analysis of the organism itself, but with 
Uttle reference to natural environments. Many of the factors and con- 
ditions employed in such experiments are of such a nature that the 
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animal would rarely or never encounter them in its normal life. Other 
experiments are attempts to keep the environment normal, except for 
one factor (44, p. 180). These have demonstrated that animals are 
capable of re^mnding to the action of a single stimulus. 

A typical experiment to demonstrate this would con^st in preparing 
two long receptacles in such a way that one 15 the normal environment 
of the animals in aU respects and the other in all respects except for 
one factor, as, for example, temperature. The temperature conditions 
of the latter might be as follows: temperature at one end 10° C, at the 
other 35° C, with a gradient between. If then 100 animals are placed 
in each of the receptacles, those placed in one end of the gradient will 
soon show signs of stimulation and will move about imtil they come 
near the center of the pan where the temperature is 2o''-25°. If, after 
sufficient time has elapsed for the experimental animals to take up this 
position, the control animals have remained equally distributed, the 
experiment will show that the animals have responded to temperature 
alone. 

Certain general laws govern the reaction of animals to different 
intenMty of the same stimulus. Take, for example, temperature. 
There is in most animals which have been subjected to experimentation 
with temperature a range of several degrees within which the activities 
of the animal proceed without marked stimulative features, as is sug- 
gested by the experiment outlined above. Conditions within this 
range of several degrees are called the optimum. As the temperature 
is raised or lowered from such a condition, the animal is stimulated. 
If the temperature b continuously raised, a point is reached at which 
the animal dies. The temperature condition just before death occurs 
is called the maximum (35). The lowering of temperature produces 
comparable results. 

3. EXPERIUENTAL STUDIES OF HABITAT SELECTION 
Animals select their habitats, and distribution is the result of this 
selection. To decide whether or not one factor can determine distri- 
bution, experiments, of which the following is a typical example, have 
been performed. 

a) Methods of experimcniation. — Do animals select their breeding- 
places ? To answer this question, tiger-beetles were selected as material 
and adults were placed in cages containing soil of several kinds. Each 
kind was so arranged into steep and level parts, that about one square 
foot of each type was exposed. The adults placed in the cage were 
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taken when the spedes was breeding (see p. 212). The soil was kept very 
moist up to the time the first ovipositor holes were made, because this 
species lays only in moist soil. After this the wetting of the soil was 
done very cautiously, so as not to wash the eggs from the ground in 
steep parts. Accordingly, the holes were not obliterated from day to 
day. The counts, however, are not accurate for the soil in which a large 
number were made, because eggs are sometimes laid very close together 
and adjoining holes destroyed. Some eggs are deposited in irregular 
cracks and crevices where they are likely to be overlooked. The greatest 
care was taken to discover every hole made in the soils in which larvae 
do not occur in nature. Soils in the different lots were arranged in 
different orders. 

b) Results. — Table LXVIII shows the approximate number of holes 
made in the clay and probably the actual number made in the other 
soils, together with the number of larvae which appeared: 80 per cent 
on the steep slope, 98 per cent in clay. 

The count of holes includes some in the first stages of digging, mere 
scratches on the ground, and others which had been excavated to the 
usual depth with or without eggs being laid. 

TABLE LXVm (ss) 
DisTKiBiTTtOH OF Ovipositor Holes and Lakvaz or C. pwpurta limbaiis under 

EXPEBTUENTAL CONDITIONS 

S-steepi L>t level. 
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c) Factors controUiug habitat selection (55). — Pairs taken in coitus 
were placed in cages containing sand only and level clay only. No 
larvae appeared in either case. The experiment with the level clay 
has not been repeated. Females placed In cages containing rough, 
steep clay, deposited eggs. Eggs are also absent from dry soils, whether 
steep or level. 
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Siope, kind of soil, and soil mobture are factors governing the 
deficiency or absence of eggs. A deficiency or excess in any one of 
these respects decreases the number of eggs laid, or causes them not to 
be laid at all. The animals are in the condition for egg-laying for but a 
short period. 

d) Method of sdection. — It has been determined by opening holes 
that eggs are not laid in all, and in one case the first holes made by the 
female were empty. This would tend to show that the female beetle 
tries the soil before laying the eggs, but I have not been able in other 
cases to determine whether the first holes contained eggs or not. To 
determine this, it would be necessary to watch a female all of the time 
during several days. 

3. LAW OF TOLERATION (55) 

Repeated experiments with several species have shown results 
similar to those shown in Table LXVIII, and we have concluded that the 
egg-laying place of the tiger-beetles is their true habitat. The tiger- 
beetles which lay eggs in soil do so only when the surrounding tempera- 
ture and light are both suitable, the soil moist and probably also warm. 
The soil must satisfy the ovipodtor (egg-laying organ) tests with respect 
to several factors. Egg-laying, the positive reaction, is then probably 
a response to several factors. Furthermore, after the eggs are laid, the 
conditions favorable for egg-laying must continue for about two weeks 
if the eggs are to hatch and the larvae reach the surface. The success 
of reproduction depends upon the qualitative and quantitative com- 
pleteness of the complex of conditions. This complete complex is called 
the ecological optimum. The negative reaction, on the other hand, appears 
to be different. The absence of eggs, the number of failures to lay, and 
therefore the number of eggs laid in any situation, can be controlled by 
qualitative or quantitative conditions with respect to any one oj several 
factors. The presence, absence, or number of eggs laid may be governed 
by a single factor. 

For example, all other conditions being optimum, moisture may 
control the presence, absence, or number of eggs laid. If the moisture 
be optimum, the maximum number of eggs will be laid. If it is too 
great few or no eggs will be laid. This factor then controls according 
as it is near the optimum, or near either the maximum or minimum 
tolerated by the species. It is, however, not necessary that but a single 
factor should deviate; the e£fect is simitar or more pronounced if several 
vary. 
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The success of a species, its numbers, sometimes its size, etc., are 
determined largely by the degree of deviation of a single factor (or 
factors) from the range-of optimum of the species. It b obvious that 
the cause of the fluctuation might be, for example, moisture due to 
(climatic) deficiency in rainfall, or rapid run-oS, due to steep slope. 
The evidence for the application of the law of toleration to local distribu- 
tion is good. Since the same factors are involved in the "geographic" 
or more extensive distribution, there is no difficulty in the application 
of the law to such distribution also, for, to assume that the law is not 
applicable is to assume that animals distinguish between the causes 
wkkh lie back of the changes in physical factors by which they are affected. 
The fact that, in so far as our observation can go at present, most animals 
are found in sinular conditions throughout their ranges is also good 
evidence for the application of both the laws of minimum and toleration 
to problems of geographic range. In fact, the law of minimum (see p. 6S) 
is but a special case of the law of toleration. Combinations of the factors 
which fall imder the law of minimum may be made, which make the law 
of toleration apply quite generally. For example, food and excretory 
products may be taken together as constituting a single factor. From 
tbis point of view the law of toleration applies, the food acting on the 
minimum side, excretory products on the maximum. 

4. APPUCATION OF THE LAW OF TOLERATION TO DISTRIBUTION (5$) 

As has already been implied, the locality or region of optimum, or 
the locality or region in which the animal is most nearly in physiological 
equilibrium, is called the habitat (ecological optimum) when it refers 
to ecological or local distribution, and the center of distriiMition when it 
refers to extensive areas. The so-called centers of distribution are 
often only areas in which conditions are optimum for a considerable 
number of species. The distribution and number of individuals of any 
species may be graphically represented as below: 



Decreasing I Abfcnt 

On account of the nature and distribution of climatic and vegetational 
conditions, it follows that as we pass in one direction from a center, one 
factor may fluctuate beyond the range of toleration of a qwdes under 
consideration; but as we pass in another direction the fluctuating 
factor is very likely to be different. 
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a) Governing the limit of local and geographic range. — The geographic 
or local range of any species is limited by the fluctuation of a single 
factor (or factors) beyond the limit tolerated by that species. In non- 
migratory species the limitations are with reference to the activity which 
takes place within the narrowest limits (usually breeding). In migratory 
species this activity limits the range during only a part of the life history. 

b) Governing the distribution area and habiiat area (55). — The dis- 
tribution area of a spedes is the distribution of the complete environ- 
mental complex in which it can live, as determined (i) by the activity 
which takes place within the narrowest limits and the animal's power 
of migration, and (3) by barriers in which some factor of the complex 
fluctuates beyond the limits of toleration of the s[>ecies in all periods of 
its life history, 

If these statements are borne out by further investigation it follows 
that every study of animal behavior which is rdaied to measured physical 
factors or to natural environments is direcUy rdated to problems of dis- 
tribution. 

lU. Agseeuznt between Plants and Animals 
In recent years the ecology of plants has received much attention 
and the subject has made great progress. In animal ecology but little 
progress has been made, and students (and teachers) have been inclined 
to expect relations and conditions in animals parallel with those In plants. 
Little progress has been made, largely because workers have not recog- 
nized the important phenomena in animab as compared with plants. 

I. ECOLOGICAL AGKEEMENT OF INIMVIDOALS 
Organisms may be divided on the bads of thdr ability to move 
about, into sessile or fixed, and motile forms. All organisms are of course 
capable of movement of some sort, even though it be only mechanical 
movement dependent upon turgor. There are also all degrees of ability 
to move from place to place. Some motile plants and animals move 
about only very slowly, and the dividou of organisms into sesdle and 
motile is a somewhat artificial classification, as many forms are difficult 
to place in either group. Some are sessile at one period of their lives 
and motile at another. Comparable difficulty arises, however, in the 
separation of plants from animals. 

The animals with which we, as inland people, are most familiar, 
are the highly motile forms, and the plants with which we are most 
familiar are sesale forms. We are all also somewhat familiar with 
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numerous marine animals, such as polyps, sea plumes, etc., which are 
sessile, like plants. Sessile animals are probably all aquatic. Logically, 
ecology cannot be divided into plant and animal ecology, but it may be 
divided into the ecology of sessile and motile organisms. 

An appreciation of the likenesses and differences of sessUe and 
motile organisms is an important thing in ecology. The plant and the 
animal groups cont^n both sessile and motile types together with types 
intermediate between the two and thus taken as a whole plants and 
animals are in agreement in the matler of response. However, since the 
vast majority of animals with which we deal are motile, their activities 
are evident because of their ability to move about. On the other hand 
the majority of plants are sessile, and sessile individuab usually can 
change the position of the whole or its parts only by growth. Changes 
in the relation and character of parts are the results of the application of 
stimuli to sessile plants. Movement is the chief result of the apphcation 
of stimuli to animals. .Animal ecology has very much in common with 
plant ecology. Diatoms, flatworms, and many other marine animals 
and plants meet the same conditions in the same or similar ways (73, 
p. i3i; 53a, p. 156; 536, p. 155). Sessile animals, such as reef-forming 
corals, show growth form differences (193, 194, 195) under different 
conditions, just as sessile plants do. Comparable plants and animals 
show comparable responses. The physiological life history aspect of 
plant ecology (52) is parallel with the same phenomenon in animals, 
but the activities of motile animab correspond roughly to the growth 
form phenomena in sessUe plants (55, p. 593). 

Ail the way through the study of ecology we look for behavior or 
activity difference in motile organisms (chiefly animals), when con- 
ddering the species of two different habitats, while, when making a 
comparison of the sessile organisms (chieffy plants) of two habitats, 
we look for differences in form and structure. To be sure an occasional 
sessile plant can move some of its parts and likewise some motile animals 
change color, size, or form with differing conditions during development, 
but these are of secondary rather than primary importance and we must 
look mainly to form changes as "plant response" arid behavior, or activity 
changes as "animal response." 

a. ACKEEUENT OF COUHUNITIES 

Are physical conditions sometimes similar when vegetation and 
Iandsca[)e aspect are very different? That they are is clearly suggested 
, when we compare the forest and the shrub-covered bluff where forest 
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animals occur. Plants grow from seeds only under a very limited range 
of conditions. However, if trees are given a few years' growth under 
favorable conditions they will be successful under a great range of con- 
ditions. The great age to which trees often live and the slowness with 
which they grow make it possible for conditions to change while the 
trees still live on with changes only in leaf structure. It is to be expected 
that the distribution of animals is correlated with the occurrence of 
seedlings or of quick-growing plants or at least with leaf structure types 
rather than strictly with s[)ecies of trees. These facts suggest that 
there are two types of cases in which physical conditions and forest 
conditions are not in accord. In the first case atmospheric conditions 
become favorable for forest animals before any woody plants have been 
able to grow; in the second, woody plants remain after conditions have 
become unfavorable for forest animals; both are due to lagging behind 
of vegetation; both are very local and of minor signifi(?nce. 

The reasons for the wide distribution of some animals in the forest 
stages which we have considered are no doubt various. For example 
Zonitoides arboreus (Table L, p. 353) is rare in the early stages and is 
confined to the lower and moister localities. If Epeira domicUorum is a 
spedes of stable physiological makeup we can offer no explanation for 
its peculiar distribution (Table LVl, p. as?)- A species may have its 
critical period in the early spring when the leaves are off the trees and 
the condition of the atmosphere similar in all stages (see Fig. 251, p. 148) 
or may live at higher levels in the denser and older stages, and thus be 
surrounded by similar atmospheric conditions, but we are not warranted 
in assuming either of these causes here. 

Another striking feature of the distribution of many beetles, bugs, 
spiders, and Ortkoptera is the fact that they are found in open woods, 
edges of woods, on the vegetation of marshes, and over the water of small 
ponds in which vegetation is growing. In this way many spedes are 
found to occur in what at first appear to be very unlike situations. 
Lygus praUnsis, Triphleps insiduosus, and Euschuslus variolarius, 
which occur on the vegetation of the margins of swamps, of the 
black-oak forest dunes, and on prairies and agricultural lands, may 
serve as examples. ShuU has pointed out similar facts as one of the 
difficulties In the way of ecological classification of Ortkoptera and 
Thysanoplera. Such spedes as the bugs mentioned above are said to 
occur "everywhere," although they are rarely found in moist woods or 
in any situation in which they are not fully exposed to the sun and 
may always live in similar conditions. 
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Some investigators have questioned the importance of vegetation 
to animals and we note here that the distributions of plant and animal 
spedes are not always correlated. If one refers to species of fiatUs 
and species of animals then the vegetation very often is not correlated 
with the distribution of the animals. If on the other hand one means 
that the plants are controllers of physical conditions, then vegetation 
can be said to be of very great importance. 

Before discussing the problem of agreement between plant and 
animal communities, it is necessary to state what is meant by agreement. 
According to present developments of the science of ecology ^nl and 
animal communities may be said to be in full agreement when the growth 
form of each strt^um of the plant community is correlated with the conditions 
selected by the animals of that stratum. Questions of agreement are pri- 
marily questions for experimental solution. Two types of disagreement ' 
are to be expected. We may illustrate the first by a bog or marsh 
community. Considering plants rooted in the soil we note that water 
is secured from the soil by the roots and b lost through the leaves and 
twigs. Accordingly since bog soil is unfavorable, due to the presence 
of toxins or to other causes, plants growing in it do not secure water 
easily even when the quantity of soil water b great. Such plants have 
xerophytic structures {which lend to check the loss of water) developed far 
beyond the requirements of the atmospheric conditions surrounding their 
vegetative parts. It is improbable that the animals inhabiting a bog- 
v^etation field stratiun would select atmospheric conditions such as 
produce equally xerophytic structures under favorable soil conditions. 
We may therefore expect dis^reement. The smaller plants such as 
fungi, algae, etc., are related to the strata of soil and atmosphere exactly 
as the smaller animals and as much disagreement U to be expected between 
such plants and the rooted vegetation as between the rooted vegetation 
and animab. It must also be noted that the xerophytic structures of 
the plants of unfavorable soib may have important influence upon ecto- 
phytic plants and animab and in part counteract the effect of favorable 
atmospheric conditions. 

The second type of disagreement is represented by cases in which 
the vegetation lags behind. We have already noted that on the clay, 
bluil pp. 309-(i7) conditions become favorable for inconspicuous plants 
and forest animals as soon as the growth of the pioneer vegetation gives 
shade to the soil. In other cases woody vegetation remains in situations 
where the conditions have become unfavorable for it and the less con- 
spicuous plants and some of the animab have disappeared. We may 
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expect lack of accord within and between plant and animal communities 
under such conditions. In these cases, however, conditions are only 
ttmporarily out of adjustment, due to rapid physiographic dianges, and 
we note from the data presented that plant and animal oimmunities 
are usually in agreement. The exceptions are often apparent only and 
due to the emphasis of specUs instead of mores and growth form. From 
this viewpoint and with such exceptions as are noted, plant and animal 
communities are probably in agreement the world over. 

IV. Relations of Communities 

I. SUCCESSION — CAUSES 

Succession is no doubt one of the most important and widespread 
of the phenomena discovered by the ecologists up to the present time 
(i30, IQ7)- Simplystated, it means that on a given fixed area organisms 
succeed one another, because of changes in conditions. These changes 
make impossible the continued existence of the forms present at any 
given time; with the death or migration of such forms, others adapted to 
the changed conditions occupy the area, whenever such adapted forms 
are available. The changes referred to result from physical or bio- 
logical causes, or combinations of the two. It is probable that the causes 
of the changes are frequently complex combinations of various factors. 

We have among the physical causes changes in climate and changes 
in topography. All degradation of land is a cause of succession. Such 
geological processes are well understood and treated in textbooks on 
geology and physiography. 

The biological causes of succession h*e chiefly in the fact that organ- 
isms frequently so affect their environments that neither they themselves 
nor their offspring can continue to live at the point where they are now 
living. Every organism adds certain poisonous substances to its sur- 
roundings, and takes away certain substances needed by itself. It 
frequently thus so changes conditions that its offspring cannot live and 
grow to maturity in the same locality as the parents. However, by 
these same processes it prepares the way for other organbms which can 
live and grow in the conditions thus produced. 

Obviously, those organisms whose decaying bodies and excretory 
materials are not removed or distributed by their wanderings will 
modify their environments most. Organisms which remain in one 
pUce do nothing which tends to remove the results of their own existence, 
and frequently modify their environments in manners detrimental to 
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themselves.' On the land, plants are the dominant sessile fonns, and 
often profoundly modify the conditions in which they live, so that they 
cannot succeed themselves. When will the process of succession stop ? 
Obviously, it must cease when there are no available species to take the 
places of those which have destroyed their own habitats. There are 
spedes which are immune to their own products and the products of the 
species which are associated with them. Obviously, when a condition 
in which these species can live is reached, and they come to occupy the 
place which is thus made ready for them, the formation which they 
constitute can, so far as the piajits are concerned, lest indefimtdy. This 
is theoretically true of all climax or geographic fonnaUons, and has been 
established for the beech and maple forest of eastern America. 

3. UOTILE AND SESSILE ORGANISMS IN SDCCESSION 
Motile Ortukau Find Oi 



a) Motile oiganisms affect their own a) Sessile organisms modify their 
environments by the destruction own environnients largely through 
of materials of abode and food growth of their own bodies, cutting 
supply and the pollution of their off light, interfering with drcula- 
babiuts by waste products (196, Uon in surrounding medium and 
114, and citations). accumulation of waste products 

(195, 120). 

b) The changes under (a) make the b) The same as for motile organisms 
continued existence of the group (197). 

in question impossible and pre- 
pare the way for other differently 
adapted (succession) forms. 

c) Succession is a succession of c) Breeding and Uving places are not 
breeding-places. contrasted as young stages usually 

thrive only where adults can live. 
Succession can take place only where forms adapted to the changed 
conditions are available. 

3. CONVERGENCE 

The work of ruiming water, for example, is in a measure convergent. 
When a new body of land is uplifted, streams begin to work their way 
into the new land mass and cut deep valleys. The formation of numer- 
ous tributaries (93 and citations) isolates portions of the upland in the 

' In the sea (19;) sessile forms are chtefly animals and BDimals are probably the 
chief cause of succession there. Coral polyps cannot build upward indefinitely, as 
they soon leach the surface and can no longer exbt. By reaching the surface they 
prepare the way for other forms. 
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DiAGSAH S. — Showing the coDvergence of four types of habitat, to the beech 
and maple forest. Read from the extremities toward center. (Prepared with the 
e of Dr. Cowles and from bis writings.) 
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form of hills. These hills are broken up into smaller hills by the smaller 
tributaries, and the resulting hills into stiU smaller ones, until the upland 
b all removed and the country reduced to a generally level condition 
known as a peneplain. The process of penq)lanation then tends to 
fill all tow lakes and ponds and drain all high ones. It works over all the 
materials of the upland and lays them down as alluvial deposits, which 
process tends to make the surface materials of a uniform nature. Asso- 
ciated with this, and more or less independent of it, the process of plant 
succession makes the conditions coverging (Diagram 8) to a still greater 
degree (13). 

The principle of convergence, while not generally established, is 
believed to be of wide application. It has been suggested for the tropical 
forest of the Philippines by Whitford (198), for the coniferous forest 
regions of North America by Adams and by Gleason, and for the arid 
Southwest by Ruthven. Theoretically at least, in all the varied types of 
land habitats of any large area, commimities are tending toward some 
one type which is primarily adjusted to the climate of the region when its 
topography approaches base level. Such a climaiic type of community 
rapidly displaces the communities of all the varied kinds of soil of a 
newly uplifted area which is only a few hundred feet above the sea. In 
these situations the climatic commimities dominate sterile soil by process 
of successional development extending over a few score or hundreds of 
years. 

V. General Relation of Couhunities op tbe Same 
Clucate (13) 

In each climatic realm of the world there are relations between 
communities of two sorts, (a) physiological relations, best defined as 
physiological similarities, and (b) successional or evolutionary relations. 
Digram 9 shows both types of relations for the temperate American 
forest border area. ' Single-pointed arrows show the tfirections of suc- 
cession, double-pointed arrows show similarities of conditions and the 
occurrence of several or many of the same species in considerable num- 
bers in communities between which such arrows extend. Broken lines 
indicate less definite relations than the solid lines. Starting with the 
aquatic communities, we note that ^ring-fed and intermittent stream 
communities converge with physiographic aging to small, permanent, 
swift-stream communities, and permanent swift-stream commimities 
are succeeded by base-level stream communities. The characteristic 
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communities of small permanent streams and base-level streams are 
indicated above. Taking up another line, we note that the large-lake 
communities are succeeded by the small-lake communities. Rocky- 
shore communities of the large-lake areas have features in common with 
those of the rocky rapids of the stream. The sand, gravel, and vegeta- 
tion communities of the base-level stream and the small lake have many 
things in common, while the silt and humus bottom communities are 
distinguishing features of the two. Communities of ponds originating 




Diagram g. — Showing some relations of the chief animal communities of the 
forest-border region o[ Central North America. The word community or communi- 
ties is to be understood as following all the nords appearing in the diagram. For full 

description see text. 



by very rapid physiographic changes pass through a series of stages 
comparable to those foimd in the different parts of the small lake. The 
lake communities pass to the pond community stage or give rise to a 
floating-bog marsh community which is displaced by a floating-bog 
thicket community. Cowles states that this takes place in deep lakes, 
while the shallow ones become ponds which give rise to marshes with 
firm substrata. Such a marsh community may be displaced wholly 
by a low prairie community, in part by a thicket forest margin com- 
munity, or wholly by a thicket community which will be succeeded by 
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a forest community. In the savanna or prairie climate the marsh 
margin thicket may become a climatic thicket or forest margin. In the 
savanna or prairie climate the communities of all the various soils and 
the low prairie community may converge to the prairie climate com- 
mmiity, or to the forest community as b shown below for the forest 
climate. In the forest climate and locally in the savanna climate the 
communities of all the various soils pass through a thicket community 
stage (T), related to a climatic forest. The thicket communities of all 
the dry soils are related to the forest margin thicket community of the 
savanna climate. 

I. CORSESPONDENCE OF COinfUNITIES OF DIFFERENT PARTS OF 
THE WORLD {$$) 

The botanists have abundant evidence for the correspondence of 
the formations of similar climates (58a). The vegetation of different 
parts of the world which have similar climates is similar and the plants 
though usually belonging to different taxonomic groups are similar in 
growth, form, and appearance. Correspondence and similarity of 
vegetation b not limited to the climatic or extensive formations, but 
apphes also to strictly local situations wherever the physical conditions 
are simUar. On the animal side we have less trustworthy evidence of 
similarity or correspondence. If the physiological similarity occurs in 
the same community, due, as has just been stated, to selection of habitat 
and modification of behavior, we conclude that it occurs in all communi- 
ties occupying similar conditions and that similar situations in different 
parts of the world have physiologically similar communities, and identical 
situations approximately identical communities. 

The direct evidences for the correq>ondence of formations in different 
parts of the world are as follows: (a) the existence of identical or closely 
corresponding species has long been known to naturalists (3, 199, 192]; 
(b) similarity of physiological life histories of many species is well known, 
as, for example, corresponding species in the United States and Europe 
or Japan, and a general concentration of breeding in the rainy season in 
all arid climates, etc.; (c) certain animals in similar environments in 
different parts of the world appear from the accounts of naturalists to 
behave alike with reference to the physical condition of different parts 
of the day, year, and different weather. For example, it appears that 
there is a close physiological and ecological similarity between certain 
antelopes of the savannas of Africa and certain savanna kangaroos of 
Australia (200). In other words certain kangaroos are ecologically and 
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physiologically similar to some antelopes. As has ab-eady been stated, 
the zoologist is usually unduly impressed with specificities such as mode 
of movement of limbs, body, etc. Now if my reader pictures an African 
antelope running gracefvUy from a pack of Cape hurUing dogs (loz, 
pp. 119-13), and an old-man-kangaroo leaping from a pack of dingoes 
{aoa, pp. 41, 243), noting mainly the specific peculiarities of the movement 
of limbs and body of the pursued in each case, he will be dwelling upon 
specificities of little ecdogical significance and missing the point of view 
of the ecologist altogether. These specificities of behavior are matters of 
little ecological significance; it matters not if one animal progresses by 
sommersaults so long as the two are in agreement in the matter of reac- 
tions to physical factors as indicated by the manner of spending the day 
(100), avoidance of forests, swamps, cold mountain tops, etc., entirely 
available to them, and in the mode of meeting enemies as indicated by the 
reaction to the approaching hunter or enemy. 

a) Distribution of land communities represented in Central North 
America. — The following climatic formations are represented at Chicago 
and distributed as given below: 

Temperate Deciduous Forest Formations: Forest with broad, thin leaves which 

are shed in autumn; near Chicago, oak, hickory, beech, and maple (58a). 

Distribution: Eastern North America, north to the Great Lakes; 

Chili, north to 35°; Europe, north of the Alps, and south of 60°; 

Japan and the vicinity of Okhotsk (580), 

Temperate Savanna Formations: Grasslands with scattered trees, or trees in 

groves surrounded by thickets, and with dense forests along larger streams. 

Near Chicago, the grassland is prairie and the trees chiefly oak and hickory. 

Distribution: A narrow belt in North America surrounding the great 

plains on the east, north, and west; Uruguay, South Australia, 

South Africa, and Eastern Siberia. 

Formations of Forests with Narrow Thick Leaves: Coniferous forest. Dense 

evergreen forests with little undergrowth. Lies just to the north of 

Chicago and was r^resented locaUy in the parts of Michigan shown on 

Map I (frontispiece). 

Dbtribution: North America north of the Great Lakes and Columbia 
River extending southward iuto the mountains; Eurasia north 
of 60°, extending southward into the mountains. 

The localities which are in agreement are indicated by distribution 
of the different types of formation. It will be noted that the deciduous 
forest animal formation with which we have dealt is found in several 
parts of the world, this animal community being essentially duplicated in 
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these differently located areas. This correspondence is probably much 
more striking physiologically than in the matters of interrelation of 
species because in some formations certain groups, as, for example, 
antelopes in African steppes, are especially numerous, while in a 
corresponding situation in South America they are very few. 

As has already been suggested, correspondence is not limited to 
the gross characters of extensive formations, but is equally true of 
the more local communities. In matters of correspondence of species 
there are often striking correspondences within the groups of formation 
indicated above. For example, there is a striking correspondence in 
behavior between the meerkats of the steppes of East Africa (3) and 
the prairie dogs of our own steppe, both being grasslands but differ- 
ing in climate. Considering a local formation, as that of the sandy 
beaches of the sea and very large lakes, we note that along the New 
England coast and around the shores of Lake Michigan the moist, 
sandy beaches are inhabited by the larvae of the beach tiger-beetle 
(Cicindda kirtUoUis) (Fig. 134, p. 179). Along the Gulf Coast at Galves- 
ton, Texas, we find the larvae of C. saukyi inhabiting almost identical 
^tuations, holes of about the same depth, etc., while Dr. Horn (203) 
describes a different larva in like situations and with like habits on the 
coast of India. 

Still, with all that has been said, matters of agreement of different 
animal communities tn different parts of the world are largely theoretical, 
and while apparently logically well grounded, the general statement 
must be treated with due caution and subjected to experimental test 
as soon as possible. Such testing will involve careful experimental 
study of the communities of two like environments under rigidly con- 
trolled and carefully measured conditions. 

VI. Relations of Ecology to Other Biological Subjects 

The environmental processes which we are discussing are those in 
which organisms have existed since their origin on earth. The stresses 
and strains to which organbms have been subjected have been in the 
same direction for long periods. Now that we have learned much 
concerning organic re^ranse to environment, such as physiological 
response, behavior reqwnse, and structural response, we note at once 
that processes of adjustment and equilibration of living substance may 
bear important relations, on the one hand to environmental processes, 
and on the other to the physiolt^cal aspect of biological phenomena. 
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Ecological matters are then worthy of the attention of the student of 
morphology, heredity, and evolution. 

What is the significance in the fact that the white tiger-beetle 
{Cicindda hpida) belongs to the first association in the development 
of a forest community on sand, which we may say corresponds to a 
family, and to the subterranean ground stratum (correfponding to genus) 
and to the white tiger-beetle mores? Furthermore, that Cicindela 
lecontei and the green tiger-beetle {Cicindda sexguttata) belong respec- 
tively to different and older situations or associations ? We note that the 
habitats in which the species occur are characterized by distinctly differ- 
ent soils, moisture, amounts of shade and light. We note, furthermore, 
that these animals are possessed of unusual powers of flight and 
are able to select conditions suited to their physiological constitution. 
Their mores characters are definite characters, which can be measured 
in terms of reactions to measured complexes of physical and other 
environmental factors. They are as dearly defined as any morphological 
taxonomic characters and can be measured with the accuracy of any 
physical phenomena. 

Doubtiess to the student of genetics or evolution, the question of 
the origin of such characters and their fixation in heredity is a leading 
question. At this point we know little or nothing. Since nearly all 
species have definite habitat preferences and since many varieties differ 
slightly from the related species form in the matter of habitat preference, 
it is probable that origin of a slight change in habitat preference, mean- 
ing a slight change in reaction to physical factors, a change in ecological 
optimum, is usually an early correlative of the origin of new races. 
Still the so-called taxonomic characters may remain apparently 
unchanged, while marked changes in habitat preference and in reaction 
to physical factors are being brought about in plastic animals (56). 
On the other hand, the segregation in the pure lines and races accom- 
plished in experimental breeding often appears to take place without 
any regard to environment (204). These two facts, accepted as they 
stand, are in full accord and we might conclude that there are no rela- 
tions between primary ecological characters and taxonomic characters. 
Such, however, can hardly be strictly true, but we cannot see what the 
real relations may be. If our point of view is correct the ecological 
characters of a race experimentally segregated, or exp>erimentally pro- 
duced, must in practice consist primarily of reaction to physical factors 
or combinations of physical factors or to entire environmental complexes; 
secondly of a definite rate of metabolism, time of appearance or the like; 
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thirdly of spedficity of behavior, and fourthly of structural characters 
modifying behavior. Relatively fixed taxonomic integumentaiy charac- 
ters have no bearing on ecological matters, not even according to the 
broadest definitions of the subject. The characters which are not related 
to the environment and which are of no ecological value are the ones 
quite generally used in breeding work, specificity of behavior standing 
second, and plastic structure third, primary ecdopcal matters usually 
receiving no adequate attention or only such attention as comes incidentally 
with the handling of the material. The results consist of noted differences 
in reaction to light of doubtful intensity and quality, or similar inaccu- 
rately measured temperature differences, etc. The testing of primary 
ecological characters can be easily conducted and will answer the question 
before us. 

With all of its imperfections and uncertainties, the ideas of phylogeny 
which are presented in oiu* phylogenetic system of taxonomy are an impor- 
tant asset in zoSlogical thinking from the point of view of structure and 
development The classification which ecologists are striving to build 
up will serve a purpose in behavior, physiology, and ecology, analogous 
in this respect to that served by the phylogenetic classification in morpho- 
Ic^cal thought, but should be flexible rather than rigid and true to fact 
rather than to schemes. Figuratively speaking, an ecological clasdfica- 
tion cuts taxonomy vertically, showing many structural adaptations as 
matters of stratum or over-adaptations (205) or lack of adjustment to 
conditions (206, 206a). It also cuts it again horizontally, showing eco- 
logical similarity in organisms structurally and phylogenetically diverse. 
It therefore provides a new and different means of organization of data. 

In this work we have sharply separated evolution and structure, 
on the one hand, from physiology and behavior, on the other. Space, 
clearness, and the condition of the subjects have forbidden that we 
attempt to unite them here. While it may be expedient to continue in 
this manner until our knowledge of physiology and behavior is commen- 
surate with that of the other subjects, the following of such a course 
indefinitely, with respect to either morphological or physiological aspects 
of biology, cannot, if it be general, bring about the best development or 
unification of biological science. Indeed, its present lack of unity is 
traceable to such a course followed until recently by zoologists generally. 

If our understanding of the data of physiological cytology be correct, 
we may expect to find so-called structures of some sort within or among 
the cells concerned in function, which stand for or are correlated with 
each physiological state and physiological condition to which we have 
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referred. Our methods may not, at present, be sufficiently delicate to 
detect such structure, or the processes which lie back of it, but we may, 
it is believed, confidently expect the necessary methods for the detection 
of such structures and processes, and es^cially their correlation with and 
relation to the more permanent and more easily recognizable morpho- 
tc^cal conditions. 

We cUissify the ref^nses and changes in animals as evolution, 
modification by the environment, behavior, and physiological response. 
Are not all these, after alt, but different expressions of the same or 
similar processes? Future investigations must answer this question, 
and it is around this question that the future of much that is knoiAH as 
biolo^ hinges. 

VII. Relations op Ecology to Geography 
Ecology is primarily the study of the mores of animals and animal 
communities. It is fundamentally a branch of physiology — the physi- 
ology of the relations of animals to their enviroimients. While we may 
study in the field and in the laboratory, both types of study are commonly 
conducted with reference to natural environments. Natural environ- 
ments are used as the basis for study, because when natural environments 
are destroyed, animals which can live in the new conditions select some 
one of several possibilities which approach the normal habitat. I^bits 
appear particularly variable under these conditions. Little can be 
gained from the study of the relations of animals to man-made environ- 
ments, except in cases where the species has long been living under 
such conditions and has become fully adjusted to them. 

Ecology being a subject or branch of physiology, and including 
all of the sociological side of animal life, its relations to human geography 
are particularly intimate. Indeed, geographers have been disappointed 
with the data which zoology has furnished them, as these data are 
almost exclusively data concerning the taxonomy and morphology of 
animals. The parallelism between the geographic phenomena in animals 
and the "relation of culture to environment" lie not in the color and 
structural adaptations of animals, but in the behavior-characters of 
animals which enable them to live imder a given set of conditions, and 
the behavior which those conditions produce (207, 208, 209). 

While attempting to make comparisons between human society 
and man on the one band, and plants and animals on the other, geog- 
raphers, sociologists, and psychologists — in so far as I have been able 
to read their writings along this line — have compared structure in plants 
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and animals with what is obviously not structure in man, namely, his 
culture and mental makeup. Waxwieler (aio) compares human society 
with the whole animal kingdom, as constituting another society. McGee 
(311) takes a similar position. In discussing the relation of culture to 
environment he says: 

When the law of biotic development is extended to mankind, it appears 
to fail; for the men of the desert and shore land, mountain and plain, arctic 
and tropic, are ceaselessly occupied in strife against environmental conditions 
which transform their subhuman associates; yet men remain essentially 
unchanged, some taller, some stouter, some swifter of foot, some longer of life 
than others, yet alT essentially Homo sapiens in every characteristic. 

More careful examination indicates that the failure of the law when 
extended to man is apparent only. The desert nomads retain certain common 
physical characteristics, but develop arts of obtaining water and food and these 
arts are adjusted to the local environment 

He continues with the citation of other cases. Such adjustment of 
arts (312) is comparable to the adjustment of animals with regard to 
food, nest-building', materials used in nest-building, and other features 
of ecology and behavior. Fmally, animal ecology offers the material 
and methods with which many ideas of geography may be e:^rimentalty 
verified (213, 214). 
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Methods of Study 
Methods used in the study of environment, while not new, involve 
the methods of several sciences. To determine the gross features, the 
methods of dynamic and historic geology and physiography, or of plant 
ecology, must be ^plied. For further analysis the meUiods of meteor* 
ology and special methods for measuring the environment physically 
and chemically must be employed, where other sciences have given us no 
data and method (see Clements). These consist of methods of studying 
the rate of ev^raration, water content of the soil, and the application 
of meteorological methods to climatic details. The special chemical 
methods, aside from chemical methods of the study of the soil, consist 
of detection of the presence of excretory products in the soil or water. 
The best discussion of special methods is given in the references (35a, 43, 
69, 74, 76, 77, 117, 118, 121, 1J4, 125. "9. 130. '.?0> 

METHODS OF STUDYING ANHULS IN THE FIELD AND LABORATORY 

a) Observation. — One important thmg in ecological study is ^mply to 
sit quietly and watch animals, and record what they do. This requires 
much time, and the best observers often sit for hours before making the 
desired observations, but the reward is always adequate. Some good 
ecological knowledge has thus been acquired. One difficulty is encoun- 
tered in this work. When the observer is watching one animal whose 
actions are not of eq>ecial interest at that moment another animal often 
suddenly appears and does something which seems of importance or 
which is of especial interest. The observer's attention is diverted from 
its original object of observation. " Which shall I continue to watch ?" 
is often asked by the student. No definite rules can be laid down. In 
general it b probably better to follow the original object. The answer 
depends entirely upon the relative ease with which the two animals before 
the worker can be observed. The beginner cannot answer this question 
and only experience can decide which should be followed. 

b) Bxperimetdalion. — Investigation in ecology requires, in prepara- 
tion, long training in both the biological and ph>'sical sciences. Persons 
not possessing such training cannot hope to make important contributions 
to the science. Ecology is a field often requiring very compUcated 
experimental methods. Animal behavior and some aspects of ph>'siology 
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are fundamental in ecology. We can sketch out here only such methods 
as are modifications of the usual method of these branches of biological 
science in such a way as to be intelligible to those somewhat familiar 
with such laboratory methods. 

(a) Experiments in the field are of prime importance in ecological 
work. Here smaller animals can be secured in numbers and subjected to 
experimental conditions before their physiological state has been modi- 
fied by bad treatment. Any student competent to undertake ecological 
investigation will find no difficulty in devising apparatus which can 
be carried into the field and which will enable him to do work of a 
high degree of scientific accuracy. Each experiment should be accom- 
panied by a control. That is, the same nimiber of animals should be 
put under the same conditions as in the eitperiment, except for the one 
factor which is to be varied. For example, in an experiment deigned 
to determine the reaction of animals to light, the control should be 
either equally lighted or entirely dark (more easily accomplished), and 
the experiment which is exactly the same except that the light ranges 
from darkness to bright sunlight. 

The apparatus which we have just begun to develop for this purpose 
is still in need of much perfecting. Thus far it consists of granite-iron 
and galvanized-iron containers about 13 in. long, 3 in. deep, and 4 in. 
wide. These are provided with galvanized-iron covers, somewhat larger, 
and a little deeper. One of these is provided at one end, with an adjust- 
able slide which may be used to open a slit to admit light when desired. 
In connection with this slit a mirror is provided with which the sunlight 
may be projected into the pan as nearly vertically as possible. The rays 
are allowed to pass through a water screen to cut out the heat. For work 
with temperature the same receptacles have been used and temperature 
differences secured by placing one end of the experimental tank in contact 
with hot soil and the other with cold soil. Land animals are confined in 
tubes II in. long by 1} in. in diameter with round bottom and close- 
fitting c^, shaped like the bottom. Reactions to gravitation have been 
tested with the use of wire cylinders for land animals, and glass cylinders 
lined with screen for aquatic animals. Black covers are used to exclude 
light in various ways as a check. For the study of reactions to current 
two long galvanized boxes (24X5X4 in.) have been used, one having 
screen ends and the other tight ends. They are placed in the stream 
side by side, one serving as an experiment, the other as a control. Large 
tin pans have been used in connection with the long boxes, the water in 
the experiment being stirred so as to produce a circular current, while the 
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control is left undisturbed. The study of reactions to contact has been 
carried on by the use of pans described in connection with light and tem- 
perature and with the use of mica chips, leaves, etc. 

In all experiments the containers are divided into several divisions 
and the number of animals noted in each division counted at each 
reading. About ten readings are taken, the number being determined 
by the number of animals used, which is determined by the number that 
can be observed before they can move any considerable distance. This 
is a function of the speed of movement, which also determines the fre- 
quency of reading. Readings should be taken at such intervals as to 
enable the animals to completely adjust their positions with reference 
to the conditions in the interim. 

The most effective method of study is that of mixing animab of differ- 
ent habitats; this removes the necessity of accurate measurement for 
rough comparison. The degree of accuracy of such experiments is 
determined almost entirely by the ingenuity and care exercised by the 
experimentor. Accuracy of measurement can be acquired, but in the 
case of some factors, such as light, with some difficulty. Such accuracy 
should, however, be the constant aim of the worker. 

While a high degree of accuracy may be attained in the field in the 
case of some factors and reactions, it is, in other cases, necessary to 
perform experiments in the laboratory also. As a rule all experiments 
should be performed in both field and laboratory. 

(&) To determine the most important activities: The first step in 
field observation is the continuous watching of animals throughout a 
number of life cycles. Experimentation is almost always necessary also. 
It is only under unusually favorable conditions that the relative impor- 
tance of the various periods of the life history of an animal can be 
ascertained without experimentation. On the other band, experimen- 
tation must be correlated with field observation. Simple esperimenta- 
tion on the behavior of animals in the laboratory does not illuminate 
this matter to any appreciable extent. 

To determine the habitat preference of animals, they should be placed 
in cages, in which they find several different sets of natural conditions, 
and the selection made by the animal noted. 

METHODS OF TAKING A CENSUS 

Species are of importance because each usually has a physiological 
makeup and habitat preference differing from other species. To make a 
census of the animals present in a given habitat it is necessary to visit 
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the place at various times of day and night and at various times of the 
year, to overturn and open all loose objects. It is necessary therefore to 
collect animals which have been observed in nature in such a manner 
that the correct names can be applied later. It is customary to asagn 
numbers to the animals. The method commonly used is as follows: 

Loose sheets of ruled paper are filled in with the locality, date, 
weather, etc., carbon copies usually being made as a matter of safety and 
convenience. Next, an animal, say a spider, is observed as fully as time 
permits, the observations are recorded, and the specimen, if small, is 
placed in a 4-drachm homeopathic vial containing alcohol. The notes 
are written in abbreviated form on a slip, and the same number assigned 
to the notes and to the slip which is put in the bottle. Animab too large 
to put into bottles are prepared in the same way by tying a tag to them. 
In due time the bottle is sent to a specialist who assigns the name, which 
is recorded in a blank space on the note sheet. A new sheet is filled 
out for each different habitat, and later all the sheets relating to one 
kind of a situaUon can be brought together. 

Nearly all animals can be sufficiently well preserved to permit 
identification by specialists, in the following manner: 

a) Vertebrates, in 10 per cent formalin, the abdomenopened to permit thefluid 

to enter. 

b) Crustaceans, most insects, spiders, worms, and lower forms by dropping into 

80 per cent alcohol. 

c) Insect larvae and pupae must be subjected to high temperature, 80° C., or 

they will turn black. Viab or bottles containing them with corks removed 

should be set in a pan of hot water for 30 minutes immediately after 

returning from the field. 
i) Flies must be killed by poison fumes, pinned in the field, and the pins set in 

suitable boxes. 
e) Moths and butterflies must be killed by fumes and pinned; the partial 

spreading of one pair of wings will suffice and save much time. 
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315- 

kpida, 40, 120, 313, 351, 316. 

purpurea limbaiis, 40, 210, 211, 3 

313. 354>30». 

repanda, 181, 186. 

saulcyi, 3'5- 

icuUUarii iecoiUti, 40, 182, 227, 2 

130, 252, 316, 

stxfutlala, 41, 215, 216, 234, 2; 

356, 316. 

tranquebarka, 182. 
— Cleridae, 194. 
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Beetles — Continued: 
— Coccintlidae, 114. . 
— Copiocyda: 

bicoloT, SOS, '77- 

clawla, 106. 

ligni/era, 177. 
— Cnpidodera helexiniu, 108. 
—CryplocepkUtu; 

cinclipennis, 197, 

vemtsttts, 284, 297. 
— Cryplorhopalum hatnmrrhoidale, 207. 
— Cryplorhynekus lapalhi, 267, 276. 
— Cydonedo, 293: 

santuinta munda, igS. 

variabilis, 207. 
— Dascyllidae, 207. 
— Decles spinosui, 277. 
— Dendrodonui fimpUx, 195. 
— Dcrtnestes lardarias, 16. 
— Dcrmestidae, 207, 217, 219. 
— Desmoris scapoiis, 397. 
- — Diabretica: 

i2-puncUUa, 187, 3S4, 297. 

w«aAi, 187. 
— DioStris kydni, 2^4, 253. 
— DiplochiUi lafifoUts, 296. 
— Diionycha quinqueviUata, 124, 158. 
— DUoma quadrifuUala, 259. 
— Donacia sublilis, 297, 
—Doryphora clivicoUis, J70, 277. 
— Eburia quadrigeminala, 119. 
— Eiapbidion viUaium, Jjg, 241, 277. 
—Elaleridae, 234, 255. 
— Endalui limalutns, 2S4, 297. 
— E^cuala, 170; 

Morgiiiata, 277. 

Pcnnsylvanica, lyi. 
— Eupsalis minuta, 201, 255. 
— Euslrophus tormenUtstis, 234. 
— GaUrita janus, 253. 

■ — Geolrupei spltndidui, 256. 
— Hallica ignila, 191. 
— HtlophoTus tinealus, J04. 
—Hipfiodamia, 293: 

parenthesis, 292. 
— /^I grandicoUii, 228, 258. 
— iacDu Tcclanfularis, 255. 
— Lampyridae, 205, 
- — Languria: 

anguslala tri/asciala, 377, 255. 

gracilis, 205. 

motardi, 293, 294. 
— I^Ma airtvenlris, 177. 
— Limonius interslitialis, 20S. 
— Lino, 267: 

scripta, 276. 
— Lislotrophus cingiUatus, 207. 



— Listronolus: 

cailoius, 204. 

inaegualipennis, 204. 
— LtxtM, 393: 

IR(K«r, 377- 

coiKono, 295. 
— Lucidola: 

atra, 188. 

punctata, 188. 
— Megalodacne keros, 347. 
—Uetilla, 393: 

macidata, 292, 193. 
—Ueiandryidae, 206, 307. 
— Melanotiu: 

communis, 256. 

fissilis, 282, 297. 
— MtTOcantka contracta, 253. 
— Monaciuu saponalus, 284, 297. 
— Mordetlistena ; 

<uf>fr5a, 1S8. 

canHOla, 298. 
— Niiidulidae, 267. 
—Xodonola tnslis, 188, 258, 297. 
— Oberca tripunctala, 277. 
— Odontola nervosa, 260, 297. 
— Orlhosoma brunntum, 239, 253. 
—Pathybrackys, 293, 298: 

abdominalis, t88. 
^Packysceiui hevigalus, 188. 
— Parandra brannta, 190. 
— Passalus cornutus, 239, 240, 243, 247. 
— Peiidnota punctata, 308, 277. 
— Pentke pimeUa, 247. 
— Pkloeolrya quadrimaculala, 207. 
— Pkalinas: 

corrmcus, 207. 

puncliilatiis, 298. 
— Pissodes sirobi, 196. 
— Plalynus. 192: 

o/bij, 396. 

(S«tM, JO5. 

picipennis, 204. 
— Pleclrodera scalalor, 225, 258. 
— Podabrus: 

basilaris, 26:. 

rugiJoiui, 308. 
—Patygrapkus rufiptnnis, 194, 19S. J'*- 
— Pfionus, 233, 239. 
— Psyltabora io-maculala, 207. 
— PlerocycUm mali, 246. 
— Plerostichtts: 

adaius, 2q6, 207, 243. 

.roraciniu, 206. 

f ucuilamf ui , 205. 

pennsylvanicus, 206. 

■~-PlUinus Tuficornis, 245. 
—Ptihdaciyla setricoUis, 188. 
— Pyraclomena boreaiis, :88. 
— Pyrochroidae, (91, 201, 247. 
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Beetles — Continued: 
^Rhinoncus pyrrlmpiu. 3o8. 
— Saperda: 

concoler, 167, 176. 

laleroiis, 176. 
—Saprintu ptUrutlh, 186, 219. 
— ScaT<riNieidat, 107, 286. 
—SUpha suriHamensis, 153. 
— Sphenopkortu, nj; 

pertinax, 284. 
—Slaphylinus molaeeus, 256. 
— SUreapaipui: 

baitipennis, 219. 

mettyi, 188. 
— SIrangaiia Muminala, 20S. 
— Synchraa puaclata, 206. 
— TathiHus paiiipci, 360. 
— TeUpkoTUs liitteia, 204. 
— TcntbHonidat, 201. 217. 
— Tetraopes ItlraepUhalnus, 370, 297, 
— Thanasimut dubiui, 194, 195, 206. 
— Tkarops ruficomis, 347. 
— Tomicui. See Ip$. 
—Trirhabda lormtiOosa canadensis, 376, 

393. 397- 
— Trilema unicolor, 244. 

caneHuj, 2S2, 284, 
caneUus aterrimus, 188, 397. 
canellus gilvipes, 398. 
caneUus seUatus, iSS. 

— Uloma impressa, 255. 

— Xan/Aonid lO-nolala, 241, 160. 

— Xyhpinus saperdioides, 256. 

Behavior rhythms, related to tide, 34. 

Bionomics, 31. 

Biota, defined, 34. 

Birds: economic value of, 8-11: protec- 
tion o{, 8-it, 57; feeding grounds of 
aquatic, tjo, 132. 

Birds, scientific names: 

— ArdeUa exilis, 171. 

— Entpidonax IraiUi, 190. 

— Gauinula gaieala, 171. 

— TyranKiu iyrannus, 3)8. 

— Xanlhoctphaius xatUhocephalus, 170. 

Bison, 14, loi, 283, 389. 

Bittem; American, 171: least, 171. 

Bbckbird, red-wing, 171, 174. i75'. 
yellow-head, 170, 171. 

Black fly, 87-89. 93, M, "05, "4. "6, 
118. 

Blowouts, 239. 

Blue racer, 327. 

Bluebird, 343. 

Bluejay, 242, 244. 



ANIMAL COMMUNITIES 



Bobolink, 9, 167, 3S3, 2S9. 

Bobwhite, 269, 175. 

Borers: buprestid, ipi; cerambydd, 
191; of trees, 191; four marked, 191; 
common to swamp forest trees, 191. 

Bottom: communities of, in Lake 
Michigan, 77-80; distribution on, 
107, 108; factor, 431 gravel, 91; 
inqxirtant, 64; in deep water, So; lake, 
125; pond, 140, 141; stony, 95; 
stream, 86. 

Braconids, 390. 

Breeding: of aquatic insects, 6sl of lurds 
(see common names oO; of brook 
fisbfs, 90-91; of lake fishes, 126; trf 
mammaia {see common name of); of 
mites, 129; of musk turtle, 130; of 
pond fishes, 141. 

Bronzed grackle, 375. 

Brook trout, 31. 

Brook-mores of sowbug, 90. 

Brown thrasher, 368, 375. 

Buffalo Gsh, 130. 

Bullhead; 70; speckled, 136, 141, 156: 
black, 102, 119, 120, 149, 156; yellow. 

Bumblebee, 190. 

Bunting: indigo, z68, 374, 275; lark, 3S9. 

Buttonbush, 190. 

Cabbage butterfly, 321, 333, 337. 

Caddis-flies, 65. 

Caddis-worms: caseless, 88, 116; case- 
weighting, 115, 126, 135, 140, 143, 
155; leaf-tube mailing, 39, 105, 114, 
121, 146, 148, ISS. 174. '8s; mores of, 
116; sand-tube making, 39, 142, 143, 
148, 155: sandy bottom, 135; spirol- 
<:ased, 96, 99, 117, 131; stick-using, 

Caddis-worms, scientific names: 

— Chimarrha sp., 116. 

—Goera, I3S, 135. 140, 143, i43. ^SS- 

— Helicopsyche, 96, 99, 117, iii. 

—Hydropsyche, 39, 79, 93, 94, 95, 96, 

lOS, 107. 118, III, 123. 
—Leploceridae, 143, 148, 39, 155, 44*- 
— Limnopkilidae, 117. 
— Molanna, iss, 134. 
—Neuronia, 39, 748, 155, 185. 
— Phrytaneidae, 103, 114, I3t, 146, 148, 

•74. 
— Polycenlropidae, 135. 
—RkyacopkiUt, 88. 
—RhyacophUidae, 88. 
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Calumet beach, 46. 

Carbon dioxide; important to animals, 
59, 60; in ^r, 5g; in ponds, 68; in 
sewage, i;; in springs, 93: in streams, 
86; relation to quantity, 66-70. 

Carp, 31, ijo, 130, 

C&rriou: 119; feeder, 319. 

Catbird, 16S, 375. 

Caterpillar : achemoii sphinx, 333 ; 
American dagger-moth, 193; cecropia, 
19S, 199; common to manb forest 
trees, 191; forest tent, 193; hickory 
tussock-moth, 193; maia moth, t6li; 
prominent, 131, 133; puss, 331; slug, 
333; smeared dagger-moth, 193; vice- 
roy, 198, 199; white-marked tussock- 
moth, 193. 

Catfish, lake, 85. See Bullhead. 

Cecidomyiidat, 115, 119. 

Center of distribution, 303. 

Chara, bottoms covered with, 140, 141. 
Hi, 14s; communilies, 140-45! not 
good animal food, 143. 

Characters of communities of forest, 350, 
351. 

Chicago region: climate, former, 4;, 
present, 49; extent, 48; guide to, 50; 
topography, 48; vegetation, 49. 

Chickadee, black-capped, 339. 

Chipmunk, 34, 196, 369, 374. 

Ckordaia, i. 

Chub: creek (See Homed dace); river, 
119. 

Cicada: 117; nymplls, 361, 368. 

Circulation of water: lake, 6a, 61; 
pond, 136; stream, 60. 

Cladocerans, 76, 83, 134, 173. 

Cladocerans or Cladacera, scientific 

— Acroperus harpae, 134. 
— Bosmina, 76: 

obltuiroslris, 134. 
— Ceriodapknia, 134, 15;: 

ptdchella, 151. 

iiuadraniula, 151. 

relicuiala, 134. 
—ChydoTus spkatricus, 134. 
—Dapknt: 

hyalina, 76, 83. 

relrocurva, 76. 
—Daplmia. See Daphne. 
—Dapknidae, 278. 
— Diaphancsoma brachyurum, 134. 
— Leptodora hyaiina, 76. 
— Macrathrix rosea, 134, 



— Plewotas dentkulalus, 134, 
—Polypitmus pediadia, 134. 
— Scapkoleberis maeronala, 134. 

— Simecephaius serrulaius, 134. 
Classification: ecological, 3; taxonom- 

Climate: 49; former, 47. 

Climatic communities, 38-41, 41, 49, 
JO, 3IO-IS. 

Coloration, 35. 

Combinations of factors, 161-66. 

Communities: l>asis, 33, 34; behavior 
in, 37; classification, 37-41; conver- 
gence, 309-13; decline of primeval, 
13-16; defined, 3; man-made, iz-iS; 
mapped, ii; of buildings, 16; of culti- 
vated lands. 16; of forest, 189-361; 
of forest border region, 39-41; of 
forest margins, 361-77; of large lakes, 
73-85; of marshes, 169--80; of orchards, 
16; of ponds, 136-56; of prairies, 287- 
98; of roadsides, 12, 16, 375, 376; of 
small lakes, 135-35; of springs, 03; 
of streams, 86-133; of thickets, 163- 
77; relations of animals in, 35, 70-71. 
r66-68. 

Conditions of existence: aquatic, 58-73; 
terrestrial, 157-67. 

Consocies; aphid, 37, 214, 334, 390; 
beech log, 345-47; defined, 37; log. 
iSO"Si; pitcher-plant, 40, 193: pool. 
39, 90; spring, 39, 93 ; temporary rapids, 
39, 87, 88. 

Convergence of communities: 309-11; 
of habitats, 93, 94. 

Copepods: fecundity of, 35; in young 

ponds, 173- 
Copepods. scientific names: 
— Canlkocampius norlhumbricus , 306. 
—Cyclops, 2 jS: 

albidus, 134, 153, 306, 

bicuspidatus, 76, 83. 

leuckarti, 83. 

prasinus, 83. 

serrulotus, 134, »o6. 

viridii, 152. 

viridis americanus, 176, 106. 

viridis brevispiaosus, 134. 
— Diaptomus, 179, 378, 379; 

aihtandi, S3, 

leplopus, 153. 

orefonensis, 83. 

reithardi, 135, 153. 

sUiKiMtis, 176, 179, 185, 
— Epischura lacuslris, 83. 
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CortespoDdcDce of cominuiuties, 313-15. 

Cowbird, J74, 175, ago. 

Coyote, 15, 167, 186, 

Cnuie-fly: larvae, 190; adults, igi. 

Ciappie, lis, '2°. '"S. MO- 

Crayfish: 69, 70, igg; behavior in 

drought, Qo. 
Crayfish, scientific names: 
— Cambarui: 

Uandingi aculus, 114, 116, 154. 

diogenet, 114, 121, tgg, 204, 2g6. 

gracilis, 3g6. 

prapiKquus, if,, 90, 104, 114, 116, 



ANIMAL COMMUNITIES ' 



IlS, T 



i»3- 



viriiis, 8$, go, 105, 114, iiti, i3t, 
"6. '3S- 

Creeks, sluggish, 103. 

Cricket, striped shrub, :66. 

Crickets, 167. 

Crossbill, isg. 

Crow, 349- 

Crustaceans or Crtislacea: 6t, as food, 
10; pelagic, 76; deep-water, 80. See 
Entomoslraca, Crayfish, Sowbugs, Am- 
phipods. Shrimps, and Mysii. 

Current: water, 43, 61, 73, 86: about 
atones, 611 intermittent, go; swift, 
94-99; reactions to, 19, 34, 91. 

Cutworms, hibematiog, 301. 

Dace: blade-nosed, 91, gi, to6, iii, iij; 

homed, 90, 91, 106, iii, 115, 119, 120; 

red-bellied, gi, iii, it;, 119. 
Damsel-flies, scientific names: 
—Argia, iii: 

putrida, 116. 
— Calopteryx macviafa, 99, 105, 116, 118. 
—Enallagma, 117, 135, 155. '85- 
— hckttura verticalis, 104, 123, 133, 135, 

1S5- 
— testes, 15s. 
Damsel-fly nymphs, gg, 104, 105. 116, 

117, 118, 121, 123, 130, 132, 13s, 15s, 

185. 
Darter: 34, gy; banded, gs, 97, 119, 

no; black-sided, 95, 97, 120; Johnny, 

84,91,9s, los, ris, iig, 130, 136, 13s; 

least, 84, 119; rainbow, 95, g7, iig, 

Day and ikight, responses associated 
Deep-water communities of Lake Michi- 
Deer, 14, 201, 23S, 245, 269. 



Desmids, 76. 
Diatoms, 76. 
Dickdssel, 167, 283, sSg. 
Digger-wa^is, habits of, 333, 331. 
Dip-nets, illegal, 57. 
Disagreement of communities, 307-8. 
Dissolved foods of aquatic animals, 58. 
Diurnal dotth migration of Enlomoslraca 

and rotifere, 77. 
Dogflsh, 156. 
Dormancy: ot eggs, 177-80; of winter 

bodies, i3g. 
Dragon-flics, adult, food habits, 317. 
Dr^on-flies, scientific names: 
—Aeschna, 118; 

amslricta, 90, 114. 
— Aescknidae, 104, 117. 

Junius, 132, 135, 155. 
— Basiaesckna janala, 121. 
—Cetithemis eponina, 155. 
— Cordulegasler obli^us, 90, 114. 
— Epiaesckaa heros, 155. 
—Ccmfihtts: 

ealis, 99, tt6, 121. 

ipicatus, 143, ISS- 
— Leuccrhinia, 141; 

inlacta, 146, 147, 155- 
—•LibeUuio puUhella, 155. 
— Libellutidat, 104, 
— Macromia laeniotala, 103, 133. 
— Packydiptax Umfipennis, ijs. 
—Plalhemis lydia, 116. 
— Tetragoneuria cynoiura, 114, 135. 
— Tramta, 143: 

tactrala, 155. 
—Sympetmm, 155: 

rubicundulum, 155. 
Dragon-fly nymphs, go, 93, 99, 103, 104, 
116, 117, 118, 121, 133, 133, 135, 143, 
"43i 146, [47, ISS- 
Drift, animal, 119. 

Droughts: go; behavior of stream 
aniouls in, 92, 105; force animals 
downstream, to6. 
Duck, wood, 181, 190, 191. 
Dunes, moving, 229. 

Earthworms, 20, 190, 362, 369- 
Ecological agreement: of communities, 

305 ; of individuals, plants, and animals, 

304-8; of species, 3IS. 
Ecological equivalence, 34. 
Ecology; content of, 32, 399-318; 

genetic. 113, 137, 247-52, 308-iSi 
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organiiation of, 13, 25, .12, 33; physio- 
logical, 199-308; relation to biology, 
315-J8; lotion to geography, 318-10; 

relation to sociology, 318. 



of breeding, grounds 
Eel, 84. 

Egg-laying, of aquatic insects, 107, 108. 
Electricity, ifii. 
Elk, 14, 30I, 169. 
Elm; American, 190; coxcomb gall of, 

IQI. 

England; bird protection in, S; man- 
made nature in, 11. 

EaUmostraca, 10, 6g, 70, 71, 76, 133, 151, 
176, 179, 104; (i« Cladotxrans, 
Copepods, and Ostracods); the food 
of young fishes, 76. 

Environment; 41-56, 58-67, iS7-66; 
199; factor of, 4J-44; relation to, 
31-33- 

Equilibration; of aquatic communities, 
diagram iltustratiiig, 70: of land 
communities, 166-69; diagram illus- 
trating, 167. 

Erosion, important on clay bluffs, 109, 

Ethology, 33. 

Evaporation: 163-65; effect upon 
animals, 162-63; expression of con- 
ditions, j6i; of different habitats, 
164; in forest stages, 248-49; reactions 
to, and death by, i6j. 

Evaporimeter: Piche, 164; porous cup, 
i6j. 

Factors in distribution, 399. 
Fairy shrimp, 177-79, 185, 178-79. 
Field study: legal aspects, 56; methods, 

311-34. 
Fish: breeding of, 116; destroyed by 
lampreys, 219; feeding, 130; longi- 
tudinal distribution in streams, 109, 
110, IIS, ii?, no; protection, 56,57; 
traps, So. 
Fish, scientific names: 
— Abratais, 65; 

crysoUuau, 102, 115, 119, iso, 742, 
U3> 156. 
— Acipenser rubicundus, 85. 
— AnmoplUti rupeslris, 85, 99, 119. 
— Ameiurus: 

lacHslris, 85. 

melas, loi, 119, iio, 149, 156. 



nalatis, 156. 

nebulosus, 156. 
— Amia calm, 156. 
— AnfuUla roslraia, 84. 
— Apkrtdoderus layanus, 110. 
— Aptodinotas Kmnniens, 85. 
— A rgyrosomus: 

arledi, Si, 84. 

koyi, 81, 8a, 85. 

nigripirmis, Si, Si. 

prognathus, 79, 80, 8i, 85. 
— Boltosoma nigrtan, 84, 91, 95, 105, iij 

119, lao, 135. 
— Campestoma anoma!um, 119, 110. 
—Car^odet, 8$. 
— Catostotmu: 

catostomus, 84. 

ammeriottii, 84, 91, 91, 106, 115, 

119, 110. 

nigricans, 84, 119. 
— Chaenebryttus gulcsia, 141, is6. 
— Ckrosomus erythrogasltr, gi, iii, 115, 

119. 
— Cortgonits dapeifomis, 81, 85. 
— Cristivomer nomayeush, 79, 81, 85. 
— Cyprinut carpio, 110. 
— Erimyion sucetta, tij, 119, 141, 156. 
—Eiox: 

lucius, 85, lis, »30, 140. 

vermkulaiul, 105, 115, 141, 156. 
—Ethtastovia: 

coeruteum, 95, 97, 119. 

fiabellare, 95, 97, 119. 

iOBuii;, 95, 97, 119, 110. 
— Eucalia inamitans, 85. 
—Eupomotis gibbosui, 84, 156. 
— Fundulus: 

diaphanus mtttona, 84, 113. 

dispoT, 120, 131, 135. 

nolalus, 1 19. 
— Hadrapterus aspre. 95, 97, no. 
— Hiadon: 

aiaoidei, 85. 

Urgisus, 85. 
— Bybopsis kenluckiensis , 119, 
— Labideslkes siccului, 8s, 130, 135. 
•—Lepisosttus osseus, 85. 

cyantllus, 101, 119, no, 118, 156. 

megaiolis, 99, 119. 

pallidus, 84, 99, IIS, "'9. "°, 'S6. 
— Lola maculosa, 82, 85. 
— Microperca punctulala 84,119. 
— Mkropterm: 

dolomUu, Ss, 99, 119, iio. 

lalmoides, 85, 115, no, 118, 156. 
— Moxostoma: 

aureolum, 84, 115, 119, 140. 

brenceps, no. 
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Fish— CooHhuaI.- 
— N^opis: 

aUimnoidtt, 84. 

Uinnim, 84, 119. 127, 13s. 

eayuga, 115, 119, 140- 

comaius, 115, 119, no, 140. 

hudsmius, 64. 

nibrifrons, 119. 

umbralilis, 119, lao. 
— Notunti fiavus, iig. 
— PcTca fiaveictns, 85, 99, 119, no, i 

rjC. 
— Percopsis guilaUu, 84. 
— Phetucabius mirtAUis, 119. 
— P»iB*pfcifej.- 

«a(a(i(j, 84, 91, 115, 119, 120. 

promelas, iij. 

anntiiarU, 115, 140. 
sfaroides, no. 
— Skinieklhys aironasus, 91. 93, 106, i 
lis. 

-Schmada: 

gyrinus, 85, 105, 119, 141. 
— Stntelilus atromacviattts, 91, 106, i 

MS. "9, 1 

StitoiUdioi 

— Triclopsis thi 

—Ui^a, 6s: 

Rsher, 196. 

Fktworms; brown dgar-shaped, 

grecD, 176, 1791 vemal planarians, 
Flatwomu, scientific names: 
— Dendroceelum, 118, 171. 
— MesasUnKO, 174, 185. 
— Planaria: 

doTotoctpludo, 118, i;i. 

maadata, 135. 

vtUM, 176. 1S5, 178. 
— Vortex, 176, 179: 

viridis, 185, 778. 
Flesh-flies, 119. 
Flicker, 174, i75- 
Flies, or diptera, scientific names: 
— Artihomyidae, 184. 
—Asilus, 385. 

—Bibio albipennis. 166, 16S. 
— Bambylius major, 232. 
— Ceddomyia: 

verruacola, 192. 

ritkola, 191. 

vilis-pamum, 191. 
—CMorops sulpkurta, 284. 
— CAr>Ji»nyjo maceUaria, 186. 



I, 143, "49. 



— Coenamyia ferruginea, 271, 277. 

— Cotnosia spinosa, 385. 

— Cynomyia cadmerina, 786. 

— DasyUis, 270. 

— Dolichoiodidae, 184, 297. 

— Drosopkila amaena, io7. 

— DrosapkUidae, 184. 

— Erizlatis tenax, J14, 170, 272, 293, 297, 

29S. 
— Exoprospa, 213, 314. 
■r-Hdebria hybrida, 272, 277. 
— Hilophilus conostoma, 2S5. 
— Loxectra pecloralis, 108. 
— ifeiajramma, 292. 

getninaia, 197. 

murginofa. 1S8, 205. 

^oftla, 293. 
— Milesia virginiensis, 259 271, 272, 
— Mttscidae, 219. 
-^Mycetoplalidae, iiy, 247. 
— Oltnufoe, 284. 

— Pachyrkiaa ftrruginta, 236, 277*283. 
— Paragus angusiifrons, 385, 
—PipioKuius fuscus, 280. 
— Pronuxckus vcrtebratus, 222, 324. 
— PsUidae, 208. 
— Psilopodima Hph), 270. 
— Sapromyza phiiadelphka, 239, 257. 
— Sarcophaga, 186. 
— Sarwphagidae, 219. 
— Scutra, 317. 
— 5i:fam)>nda«, 204, 2S4. 
— Sa^iocentra, 379: 

hettola, 280. 
—Septdon pusillus. 204. 
—Spartmpolius fiovius, 28s. 
— Spilogasler, 281. 
— Spilomyia longicomii, 361. 
— Spogostylum anaie, 329, 330, 334, 353, 
— Siraussia Itmgiptnnts, 40, 272, 277. 
— Syritta pipiens, 283. 



— Tabanidae, 170. 

— roianuj lituila, 381. 

— Tetanoara, 170, 188, 279; 

camUno/a, 1S8. 

plttmosa, 1S8, 197, 284. 

saroMgfiuii, 188. 

utniraruin, 188, 2S0, 384, 397. 
— Tipididae, 206. 
—Triloxafttxa, 285, 297. 
Flood-plain communities, 197-204, 
Floods; loj; insects in, 2 „, 
in, 202; mixing of coDununities by, 
105; upstream migration during, icriS, 
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Fly larvae, sdentific names; 

—Ceratopogon, 148, 155- 

—CloTonemidae, 103, 187, 191. 

•—CluTtmimus, 93, 96, 9Q, 116, 117, iiS, 
113. >34, I4»- 

— Corttlifa, 135. 

— ZNxa,_g3, 118. 

— ifelnocmmu, 8j, 84. 

— Ptdieia albititta, 114. 

— ^iiHuJtum, 87,88,93, 105,114, ii6, 118. 

— SWalittmyta, 113. 

— Tdbanus, 116. 

—Tanypus, 93, 118, 148, 155. 

Flycatcher: Traill's, 190; great crested, 
ii»6. 344. 

Food; factor in diitribution, 399; 
emphasized by paleoatologisti. 199 ; of 
young fishes, 76, 141, 144; relations: 
aquatic, 65-71, terrestrial, 166-68. 

Forest communities; 189-161; day, 310- 
17; dry, 309-33; flood-plain, 197-103; 
mesophytic, 333-47; rock, 317-18; 
swamp, 189-93; sand, 318-33; sum- 
mary o£, 3si>-Si; tamarack, 193-97; 
wet, i8q-300. 

Forest roaigin communities, 163-75. 

Fonn, relation to function, 31. 

Formations, defined, 38. Ste Communi- 
ties. 

Foi: gray, 15, 137, 345; red, joi, 336, 
337, 34s- 

France; bird protection in, it; Pkyl- 
loxent in, 191. 

Frog: 173; bull, 171; conmion. 156, 169, 
195, 296; cridiel, 135, 169, 196; green, 



lug's), 194, 195, 196, 107. 234, 344i 
353; wood, 19s, ao6, 307, 343, 344. 
Function, relation to form, 3S. 

Gall flies, 40, 191, 373, 377. 

Gallinule, Florida, 171. 

Gar, long-nosed, 85. 

Garter-snake, 167. 

Gas-bubble disease of fishes, 60. 

Geology, surface in young stream, S. 

Gland, silk, 95. 

Glen wood beach, 46. 

Goldfinch, 368, 374; American, 199, 174. 

Gopher, pocket, 167, 388. 

Gordius, 101. 

Grape: apple gall of, 191; free from 

PnyUoxtra in wet soil, 19a; tube gall 

of, 191; wart gall of, 191. 



Grasshoppers; 167, long-homed, 337; 

maritime, 333-15. 
Grebe, pied-billed, 133. 
Green snake, 389. 
Grossbeak, pine, 339. 
Ground beetles, 180. 
Grouse, ruffed, 196, 317. 
Guide to Chicago region, 50. 

Habitat: preference, 31; selection, 34. 
Hair-worm (fhrdius), loi. 
Hare, varying, 15, 191, 195. 
Harvestmen, scientific names; 
—Liobununi: 

dorsaium, 303, 305, 308. 

grande, 304, 39S. 

nigropalpi, 144, 353. 



—Olifolopkus fielus, 344, afii. 

Hawk: marsh, 167; night, 167, i8q; red- 
shouldered, 343; red-tailed, 343; sharp- 
shinned, 374, 37s; sparrow, 374, 175. 

Hemplera [true bugs), aquatic, sdentific 

—Belostoma, 65, 131. 

— Btlostontidae, 65, 151. 
— flefUKW, 131, 

piscus, 148, 
—Butnoa, 133: 

platycntmis, 135, 148, 155. 
— Conxa, 104, 117, 133, 135, 
— NoUmecia, 117, 133: 

undidala, 135, 148, 155. 

variabilis, 133, 135, 148, 155. 
— Notontciidat, 151. 
— Pelocoris ftmoraius, 104, 133. 
—Plea, 13a: 

slriola, 148, 155. 
■ — Sanalra, 65, 131, 151, 

<ff J ■=?. ■«. •!s- 

kirkaldyt, 155. 
—Zaiiha, 65. 

ftuminta, 104, ti6, 133, 135, 148, 155, 
185. 
Htmipitfa, terrestrial, sdentific names: 
— AcantkocephiUaterminalis, 341, 357. 
— AchoUa mullispinosa, 199, 308. 
—Adtlphecoris rapidus, 188, 314. 364, 

366, 376, 292, 297. 
—Agallia 4-punctata, 398. 
— Atydus tcnspersas, 293, 397. 
—AmphUcepa biviltota, 188, 199, 308, 

3t,3. 
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Bemi^era — Continued: 
— Atkysanus: 

siriolui, igy, igS. 

paralklus. agj. 
— BoHosa calva, 261. 
— Camp^nekia curvata, igi, 397. 
— CtTCOpidae, 104, 161. 

boreaiis, 306. 

bubdtit, 165, 276, 184, igj. 
— Charitsterus antenaator, 259. 
—CUoroteUii: 

spatttlala, 298. 

lergala. 297. 

unicolor, 197. 
— Cicada linnti, 260. 
— Cicadula: 

6-notata, 183, 197. 

tariala, 106. 
— Ciasloplera: 

obtma, 261, 

prokus, 277. 
— Colopka ulmieola, tgi. 
— Ccrynocoris dislinclus, jj6. 
— Corylhuca areuata, 233. 
—Coimoftpla carnifex, 187, 188, 398. 
—^ymus annustatus, 188. 
— Diedrocepkala coccinca, 177. 
—Diplodus luridus, 228. 
— Dratculacephala moliipes, 18S, 2Sj, 297. 
— Empoaica mali, 188, 298. 
— Enchenopa binotata, 274, 
— Busdiisttts: 

fissilis, 264, 176. 

iHslifimui, 205, 241, 260, 264, 

mrioAlriiM, 259, 298, 306, 
— EultUix tlraminea, 298. 
"-Gorgantts fusiformis , 298. 
— Garfiapkia tilute, 244, i6r. 
—GeUslocarh oculatus, iSo, 1S5, 186. 
— Gypona: 

ociotintala, 206, 261. 

siriala, 206. 
— Baltiats ukieri, 29a, 2i)8. 
— Heiockara communis, 297. 
— Horcias: 

gonipkorus, 292. 

marginaiis, 298. 
— Hyaiiodes mlriptnnis, 41, 234, 335, 260. 
— Idiocerus snowi, 20S. 
— Ilnacora sUtlii, 277. 
—Iscknodcmus Jaiicus, 188. 
— Jaitui olitaTtas, z6i. 
— Lepyronia quadrangutaris, 204, 208. 

— LjJlM.- 

ptagiatui, 206. 

prole ns is, 198, 208, 257, 263, 266, 

292, 306. 
— JfacTDJifAuni grarwrw, 190. 
— Mtgamttus marginattts, 277. 



— Miris dolobrala, 292, 297. 

— Neidts muticus, 263, 276. 

— NeurocltHus simplex, 331, 269. 

— Neiara hilaris, 199, 208,. 337. 

— Ormenis pruinasa, 191. 

— Otiecerus degeeri, 259. 

— i'arainfecriifuf nridis, 188. 

— Petogonui ameriainus, 204. 

itnbricalor, 244, 245. 

poptdicautis, 315, 158. 

MigoftunJtu, 225, 258. 
— Pentatramma viUalifroiu, 204. 
— Pmlalomidac, 361. 
— Pkilarottia bilituata, 1S7. 
— Pklepsius irroralus, 359. 
—PkyUoxera. 190, 343, 373: 

caryae-cauiis, 160. 

vastralrix, 191, 373. 
— P*yjnfllfl erosa fasciala, 187, 264, 276, 

393, ^97- 
—Pkysatockila pltxa, 188. 
— Platiognatkm: 
Juscosus, 208. 

^ifiu, 398. 
—Platymetopius aculm, 298. 
— Podiius maculijienlris, 257, 277. 
—Pocciiotapsas tintatus, 206, 270, 272, 

276, 277. 
—Prolcnor bcl/ragei, 276. 
— Redunotas: 

annulatus, 208, 260, 302, 139. 
/erw, 187. 383. 

subcoleoptratm, 317. 
— 5BWa.- 

kumilis, iSo. 
—Saldidae, 180, 219. 
— Scaphcideus: 

aurouHtns, 239, 260. 

immiilus, 206. 
— Sckizeneura, 273. 
—Scelops suUipes, 263, 265, 276. 
— Siktoctpkaia luUa, 397. 
— Slipkrosoma slygica, 2 76. 
— Telemona querci (manlicela), 259, 233, 

y4- 



unicohr, 187. 
— Thyreocoris unicolor, 187. 
~Trigonetyltts rvficomis, 298. 
— Tripkkps insidieius, 259, 306. 
— Typkiocyba querci btjasciata, 233, 259. 
Heron, green, 181, 192. 
Herring: lake, 82, 84; toothed, 85. 
HibemBtion groups: of beetles, 193-93; 
of snails, 192; of fiood-pUia animak. 
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History: of Chicago region, i,;- 

gedo^ca], 45-48- 
Hog-nosed snake, 231. 
Hornet, white-faced, hibernation of, 1 
Homtails, 217. 
Rumus in soil, 158. 
Hydra, 107, 131- 
HymenopUra: scientific names; 
— A gaposlemoH .' 

jplendens, 333, 3 59. 

viridiiius, 197. 
— Ammopkila, 331: 

nigricans, 185. 

froara. 231. 
— Andrenidce, 334, 355. 
— Atutricus seminatoT, 134, 360. 
— Anomogloisia pusiUiis, iSS. 
—Anoplius: 

divisus, 232, 252. 

i»arginalus, 355. 
— Apidat, 324. 
— j4^ meOiJera, 314. 
— ^»(«*/flro; 

(w/wa, 187, 352. 



M, 353- 



»5S- 



, ', 339, 3. 

— Bembex spinotae, 123, 
— Botnbus: 

amfricanorum, 314. 

separatus, 290, 297. 
— Ccropalidae, 3S5- 
— CWoro/iV/w cfwioni, ; . . 
— Cimici UTnericana, 208, 267. 
— CotUiixys rufilarsa 
— Crabra inlfrrupluli . . . 
— Dielis plumipei, 123, 353. 
—Eptolui: 

cressonii, 383. 

pusiUus, 331, 253. 
— Eunenes fraiemus, 266, 376. 
—Eumtnidar, 255- 
— HalUlus nelutiAonh, 255. 
— Ickneumon: 

exlrtmalaiHS, 192. 

galenus, 192, 397. 

ffloujax, 191, IQI. 

zebratus, 385. 
— IchKUPtonidae, 261. 
— Larridae, 255. 
— Microbembti, 323: 

tHonodanta, 223, 333, 252. 
— AfuliUa ornalhenlris, 222,.3S3 
— Nemaiinae, 305. 
— OrfyiKfiu.- 

oBwmii, 231, 255. 

ft'^>, 376. 
— Paniscus gemminalus, 283. 
— Pelopccus cemenlariiis, 114, 3; 
■—Pimpia: 

cenqaisitor, 214. 



— PUsia irtltrrupta, 355. 
— PoUstes, 341, 266: 

nariaiB), 176, 297. 
— Pleronus venlraiii, 667. 
—Sceiipron ctmenlarius, 385. 
— Scoliidat, 355, 
— Specodts dickroa, 331, iS'- 
—Tackylcs liMnui, 355. 
— rioi^wo o/roia, 261. 
— Tragus mitpinus, 261. 
— Tipkia vulgaris, 286, 389, 390. 
— Vespa macidaia, 192, 202, 256. 
— Xiphydria macidata, 207. 



46. 
Indians, 13. 
Insects: carriers of disease, 3ti enemies 

of, 9, 10; human food, 31. 
Inter-mores physiology, 34, 33. 
Intet-physidogy, 34, 33. 
Isle Royale, 195. 
Isopods. See Sowbugs. 

Lacebugs, 232. 

Lake: Chicago, 45-47; Geneva, 62-63; 
Midiigan, area, 73, bottom communi- 
ties, 78-81, communities, 73-85, condi- 
tions, 58-65, light, 63, pressure, 64, 
temperature, 62, species, 83-85; On- 
tario, 78; Pme, 67; Turkey, 67. 

Lake communities, 73-85, 134-36; sum- 
mary concerning, large lake, 81, small 
lake, 138, 131. 

Lake herring, 77. 

Lakes: circulation in, 60; distinguished 
from ponds, 124. 

Lanipreys, 319. 

Larch or tamarack: sawfly, 195; lappet 
moth, 195; woolly apUd, 195. 

Lark: bunting, 286, 3S9; homed, 167, 
2S9; meadow, 167, 383, 3S9; shore, 
386. 

Larvae: lepidopterous, 167; sawfly, 167. 

Laws: minimum, 68; toleration, 303; 
limit of range, 304; distribution area, 
304- 

Lawyer, 83, 85. 

Leaf-beetles, long-homed aquatic, 65, 
"3. '3S. 'S"- 

Leaf-bugs, hibernating, 303. 

Leeches: in Lake Michigan, 77, So, 8^, 



lakes and ponds, 
, toi, 103. 
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Leeches, sdenlific Dames: 

—Ckfsine, 84- 

— Dinaferrida, 153. 

— ErpobdtUa punctola, 133. 

— Glossipkimia: 

fusca, i»3, IS3. 

heUromta, 153. 

slagtutiis, 83. 
— Haemopis: 

grandis, 103, iii, 153. 

OKirmoratis, 153. 
—Macrobdella decora, 135, tSL IS3- 
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parasitica, 135, 148, 15°. tS3- 

Tvgna, 117, 153. 
LepidopUra, scientific names: 
— AcTOnycla obiinita, 188, itj. 
— Apotis ypsUon, 283. 
— Alypia octomacuiata, 273. 
— Ampclcphagus myron, 268. 
— Anisola senoU>ria, 341, 260. 
— Anlkockarii genutia, ss7- 
— Apantesis pkaittrta, 285. 
— ■Basilarckia orchippus, 25'- 
— Ceruro, 132, 235, 275. 
— Datana, 199: 

angiutt, 260. 
— Diacrisia vtrginica, 283. 
— £lf>£nK>M acraea, 184, 283. 
~EvelTia comstcckiana, uS, iig, 358. 
— Gtomelridae, 205, 
— Balisidola, 238, 260. 
— HtmUeuca maia, 188, 368, 176. 
— HtUrocampa gviiiviila, 159, 
— Hydria undulala, 26a. 
— /rifl iioieUa, 383. 
— Lcuamia unipunda, 2S3. 
— Nadala gibbosa, 231, 333, 339. 
— yoctuinae, 304. 
— Pa^aio,- 

a;ax, 244. 

crespkonlei, *68, 276.* 

— Piem prolodice, 310, 333. 
— Prionoxyslus rMiiiae, 267. 
— Psychomorpka eptmeniis, 373. 
— Pyramtis: 

hunter a, 370. 

cordvi, 270. 
— 5iintia cecropia, 199. 
— Scepsis futvicoUis, 170, 284, 297. 
— Sckiiura, 268. 
— Symmtrista, 199: 

albifrons, 100, 26a. 
Licenses to collect animals, 57. 
Liebig's law of minimum, 68. 
Life histories: phyMological, 33; repre- 
sented as drdes, 71, 



Light: inten^ty, 159-60; nec«ssity for 

food supply, 66; penetration in water, 

63; leactioDS to, 39, 331. 
Limnetic communities, 74-77, 103, 133, 

140. 
living substance, 33. 
lazard, ^-lined, 337. 
Localities studied, 52-56. 
Locust: lesser, 227; long-homed, 237; 

lubbery, 363; mottled sand, 327; 

nanow-winged, 237; sand, 337. 
Logs: lake, 131; in ponds, 150; in 

streams, 101. 
Long-jaw, 79, So, S3, S3. 

Maggots, 219, 

Mallard, 171, 

Mammaiia, 2. 

Mammals, economic value of, 9, 10. 

Mammals, scientific names; 

— Bisen btson, 289. 

— Btaritia bnmcauda, 301. 

— Canis lairaHS, 386. 

—CikUm: 

franklini, 369. 

I34inealm, 228, 253, 286. 
— Fiber tibetkicus, 136. 
— Geomys bursarius, 188. 



!69. 



— Eomo sapiens, 2, 319. 

— Lepus ameritanus, 191, 195. 

— IMra canadensis, 195, 199. 

— Lynx ru/us, 242. 

— Marmola monax, 315, 353. 

—Martes: 

americana, 196. 

pennanli, ig6. 
— Mtphilis mesomeias 
■ — Microlus; 

ochrogasler, 289. 

pennsylvanieus, 383. 
—Mustela: 

noveboracensis, 201. 

msm lulreocephaia, 191. 
— OdocoUeus vrginianus, 138. 
— Piromyscus: 

bairdii, 386. 

leucopus noveboTocensii, aor, 336. 
— Primates, 3. 

— Sorex ptrsonatus, 189, 301, 375, 269. 
— Tamias slrialus itrij«iM, 369. 
—Taxidea laxus, 288. 
— Urocycn citiereoargenleus, 337. 
— Vidpes fulnu, 236. 
— Zapus hudsonius, 3O9. 
Man, relation to animals, 5-30. 
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Maps; evaporation, 50; frontispiece, ii; 
g;uide, (fadng) 52; list of, 4S; vegeta- 
tion, SI. 

Manh cfimmuuities, 169-73. 

Marten, lune, 196. 

Materials for abode, of land animals, 
"S7- 

May-Qies, 65, 170. 

May'fliesor£^A«inm(fa, scientific names: 

— Baetis, 93. 

—CaetiU, 114, 1^3, ISS- 

—CaUibattis, 104, 123, 130, 135. "5S- 

— Cliirolenetes siaui, 117. 

— EpkemercUa excrucians, 135. 

— Ephtrntridae, 78. 

— Heptagenia, 93, 118. 

— He^geninat, 96, 105, 114. 

— Hexagenia, 39, 103, 107, 117, 133, 

—SipUuna, 96, 142, 153: 
oAtmaJM, 98, 116. 

May-fly nymphs, 88. 

Metallic wood-boieis, 191. 

Methane, 59, 60. 

Midge larvae: 69, So, tag, 130; an- 
aerobic, 133. See Fly larvae. 

Midges, I7P- 

MUler's thumb, 116. 

Mimicry, 25. 

Mineral matter; excessive in springs, 
93; necessary to life, 58. 

Mink, 15, 171, 19'- 

Minnow: blackfiu, 119, 110; black- 
head, 115; blimt-nosed, 79, 84, 115, 
119, I30, ia6; Cayuga, 115, 119, 140; 
mud, 65, 84, 119, ISO, 143, 149, 156; 
ruby faced, 119; shiner, 84; straw- 
colored, 79, 84, ra6, 137, 135; sucker- 
mouthed, 119. 

Mites, aquatic, egg-laying of, iig. 

Mites, aquatic, scientific names: 

— Bydrachna, 177, 183. 

— Limnocharet aquafkus, 130, 144. 

Mites, terrestrial, scientific names: 

— TrOTnbidium, 190: 



Moisture: equivalent of soil, 13S; re- 
lation to wdting coefficient, 158. 

Hole cricket, :8i. 

Moles: 167, 338; star-nosed, iSa. 

ifoUusca, So, 106, 144. See Snails; 
Mussels; Sphaeridat. 

Moon, influence of, on plankton, 67. 

Moon-eye, 8s. 

Mores, defined, 33. 



Mosquito: eaten by fishes, 133; fringe- 
l^ed, 174; marsh, 174, 176; smoky, 
178, 180. 

Mosquitoes, scientific names: 

—Aedesfuica, 178. 

— AnopkeUs, 114: 
punctipennU, 176. 

— CuUx caiiadensi!, 193, 306. 

— CvUddae, 185, 191. 

—Wyeomyia smithii, 193, 204, 

Mourning dove, 269, 274, 375. 

Mouse: Cooper's lemming, iqy, deer, 
167; field, 167. 389; food of marten, 
196, of uunk, 269, of shrews, 169; 
meadow, 181; vhite-footed wood, 
30I, S37; jiunping, 269, 374. 

Mud puppy, 130. 

Muskiat, 14, 130, rs6, 140, i43i iSt. 



Muaseb: 70; stunted on humus, 
Mussels, scientific names: 
— Alasmidonta caiceola, 99, 100, 116 
— Anodonta: 

grandis, 83, 103, 104, 126, 153. 

grandis faaliatia, 143, 153. 

marginata, 83, 136, 13s, 140, 
~.4 nodontoides: 

39, W- too, 1 



39. 



S3- 



Jerttssaciatna subcylindraceus, i 

eUipsiformis, 117, I3i, 
iris, 117. 

ligamentina, 99, 117, 1:3. 
laleola, 99, 103, 117, 131, 132 
126, 139, 13s, 140. IS3- 
tentncosa, 99, 117, 133. 
— Quadruia: 

rubipnosa, 103, 



103, ir7, I 



133. 



133- 



— Unto gibbosus, 103, 1. , , 
— Umonidae, 146, 153. 
— SytHpkynola: 

comptanala, 133. 

coslata, 133. 
Myriopods, viii, 313. 
Hyriapoda, scientific names: 
— Fontoria corrugate, its, *36, 237, 243, 

353. *S4. 
— Ceapkilus, 3oo, 3S4- 

rubens, 317, 239, 343, 3S3- 
—IMhobius, 187, 191, 234, ^39. ^54- 
—LysiopeUsliim tctlariam, 317, 239, 253 

2S4- 
— Polydesmidae, 213. 
— Pclydesmus, 191, »os, J06, 334. 
— StyUmotus granuiaius, 306. 
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Myriopoda — Continued: 

— Spirabolus marginaius, lOl, i36, 13J, 

*43. 153- 
Mysii rdkia, 80, 81, 85. 

Natural selection, 25. 

Nature: s, 6; man and, 8-20; man- 

Dude, 8; state of, 7; struggle in, 7. 
NturopUra, scientific names: 
— Chauliodts, 113. 

rastricomis, 145, 148, 150, 155, 
—Ckrysopa: 

aUikamU, 397. 

Bctitala, 214, igi. 

rufiaibrU, 261. 
— Corydalis cornuta, 116, isi. 
— Cryplokon nebulosum, 283. 
— MarUUpa brunnea, 273, 274. 
— S<o/w, III. 
Newt. 121, 149, 156, 
Nitrates, 66. 

Nitrogen: 59, 6a; cause of gas-bubble 
disease, fro; in lakes, 125; in spring 
water, 93. 



Onion- fly, 293. 

Optimum, range of, 300-305. 

Oriole: Baltimore, 174, 275; orchard, 

274. 
Orthoplera, 243, 172, 283. 392, 306. 
Orlhepiera, scientific names: 
— Acriduiae, 187, 204. 
— Agtneotttlix artnosus, 227, 232. 
— Ambtyciirypha, 105: 

ablongifolia, 208, 266, 267, 276. 

rotundifatia, 172. 

—Apilkts agiUitor, 268. 
— Apltrygitta ocuUala, 194, 205. 
— AUanticus pachymerus, ^39, 360. 
— Cculkophilus, 205. 237, 239, 143. 
— Chtocatlis conipersa, 232, 259. 
— Conocephatus: 

ensigcT, 23*, JS9, 358. 

tKbrasumis, 264, 376. 

rebusttts, 265. 
— CyrlophUltts peripicillalus, 141, 260, 
— Diapheromtra Jtmorota., 187, 235, 241, 

— Dissosleira corMnc, 198, 314, 218, 254. 
— Gryttus pennsytvanicu! , 218. 
— Hippiscus lubmulalui, ajS- 
— Ischnopiera: 

inaequaiis, 21S. 

major, 218. 



—Melaimplui: 

angusliptnnis, 237, 352. 

atlanis, 225, 228, 333. 

bintUUui, 19S, 218, 276, 383, 297. 

digereiittalh, 366, 176. 

femur-rubrum, 1S7, 314, 318, 223, 

976, 185, 396. 

jmncltdatus, 194, 195, 303. 

tiridipts, 297. 
— Nemobius: 

ftaciattti villatus, 39S. 

putculalui, 263, 297. 
— NeoteUix kancocki, 190. 
— Otcantkus: 

anguslipennis, 241, 26a, 272. 

/ascialus, 232, 237, 272, 376. 

nivens, 373. 
— Orckelimum: 

ffaberrimum, 204, 30S. 

tndianense, 276. 

Bulgare, 393, 396, 398. 
— OrpkuUlia speciosa, 297. 
—Paratettix cuculiatus, 181. 1S6. 
— Paroxya haoskri, 204. 
— Psinidia feneslraiU, 233, 325, 233. 
— Schislcctrm rubiginosa, 232, 237. 
— Scudderia, 214, 317: 

/urcala, 341, 366, 267, 276. 

i>;n»m, 332, 359, 266, 377, 393, 

397, 398. 
— Sparagcmon vyomingianum, 338, 252. 
— SttMobothriis, 170: 

curtiptnnis, 188, 204, 366, 283, 396, 

39S. 
—TeUigidea 



., 181. 



panipennis, 181, 282. 

ptnnala, 136, 282. 
— reHw obscura, 190. 
— Trimtrotrcpis maritima, 233, 233, 
— Xipkidium. 170; 

Affm>BBe, 188, 308, 263, 266. 

•/ascutium, 39, 1S8, 263, 364, 3S4, 

283, 296. 

nigropleura, 363, 376. 

slrklum, 233, 359, 393, 393, 398. 
Osprey, 326. 
Ostiacods, 129. 

Ostracoda or Oslrocoda, scientific names: 
—Cypria fxsculpia. IS'. 
—Cypridopsu vidua, 130, 152. 
-Cypris/uscata. 183. 
— Cyprois marginaia, 177, 179, 183, 
—Notodromas monacha, 144. 
— Oslrocoda, 144- 
— Polamocypris smaragd'oo, ^3A- 
Otter, 193, 199, 
Oven-bird, 244, 
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Owl, screech, 119. 

Oxygen; anaerobic aniinals, 133; bur- 
Towing dragon-fly nymphs, 141; circu- 
lation of, 61 i correlated with age of 
ponds, 68-70; in lakes, us. "331 in 
poolS; 91; in springs, 93; in streams, 
103; intermittent quantities, 90; neces- 
sary in water, 59 ; not added by certain 
plants, 6s; reduced by sewage, 17. 



Panther, 15, 338, 141. 

Partridge, 196. 

Perch: pirate. 120; yellow or American, 
8s, 99. "9. "°^ '26, 130, 156; trout- 
perch, 84. 

Pest species, number of, on different 
forest trees, 166. 

Pewee, wood, 342, 144. 

Phalangids, 167. 

Physiol^cal agreement of communities: 
34i life histories, 33; proportionality 
in organisms, a6. 

Phy»ological equilibrium: 16; distnb- 
uted by changes in the organism, ^o, 
by external conditions, 30; in relation 
to habitat, 31. 

Pickerel, grass, los, us, 142, 136. 

Pike: 8s, lis. ''"i '4°; pike-perch, 85; 
wall-eyied, 85. 

Pintail, 171- 

Planarians, in Lake Michigan, 77. 

Plankton: in arctic seas, 66; proportion 
to denitiification, 66; relation to tem- 
perature, 66, to COj, 67, 68, tooiygen, 

67, 68, to carbonates, 67, 68, to rate of 
Bow, 67, to seasons, 67, to age of ponds, 

68, to moon, 67. 

Plants, aquatic: in sandy riffles, 99; in 
sluggish streams, 104; value of, to 
animals, 65, 142; watercress, 93. 

Plants, aquatic, scientific names: 

— Chora, 64, 6s, 74. 14*, '45. 148. 

— Cladophora, 64, 74- 

— Elodea, 6s, 129. 

'—Equisetum, 65, iji. 

—Myriopkyllum, 6j, 129, 130, 131, 14s. 

— Nostoc, 74. 

— Pelamogelon, 14s. 

— Proscrpimica, 15:. 

Plants, terrestrial, scientific names: 

— Arabis lyrala, 228, 

— Cilrui, 2S7- 

■~Gossypium, 257. 

— Hibiscus, 189. 

— JuncttS balticM, 173. 



— Monaida, 228, 232. 

—Opuntia,is%. 

— Parnaisia carotiniana, iSi, 

— Pinus banksiana, 238. 

—SagiUoria, 175. 

—Tilia. 257. 

Plover, piping, 180. 

Polywa, scientific names: 

■ — FndericeUa sultana, 84. 

— Paiudictlta ekrtnbergii, 84. 

—PrctituUcUa majni^o, 128, 130, 135. 

-^PlumateUa, 84, 103, lai, 131: 
polymorpha, 135. 

Polyxoan, gdatin-secreting, 138, 139. 

Pond animals in streams, 102, 103. 

Pond communities: 136-57; teraporary, 
173-80- 

Ponds, vertial or temporary: forest, 179; 
snails of, 192; influence of rainfall on, 
177-79; vegetation choked, 174; young, 
with bare bottom, 173. 

Porcupine, Canada, 196. 

Prairie chicken, 167, 289. 

Prairie communities, 278-98. 

Pressure of water, 64, 

Protected situation of large lake, com- 
munities of, 80. 

Protection of wild animals: 8~ii; pro- 
terted species, 56, S7; wardens, 57, 

Proteid, foodstuffs, 66. 



Protozoa, scientific names; 
-^Actiaopkrys sot, 75. 
—Diffiugia: 

globulosa, 75- 

pyriformh, 132. 
—Pcridinium labuiatum, 75. 
Psacus, 234. 
Pulmonate snails, aquatic respiration 

Pumpkin-seed, 84, is6. 

Puss caterpillar, behavior of, 232. 

Quantity: of largei animals, 69; of life 
on land, 166; of plankton: causes of 
fluctuations in, 72; in different bodies 
of water, 67; in ponds of different 
ages, 69; in polar regions, 66; seasonal 
variation in, 67. 

Rabbit; 196; cottontail, 269, 27s. 
Raccoon: 199,3031 eats crayfishes, 90. 
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Rail: king, 171; W", >7'; Viiginia, 171. 
Rapids: communities of intermittent, 

S7; [ormation of, 94-99. 
Ratttesnake, 167. 
Reactions; defined, 16; positive and 

n^ative, 36; to cuireDt, 34, 91, 95, 

Red-legged locust, 366. 
Redstart, 374. ^7S- 
Regulation in behavior, 39. 
Rejtivenation of streams, loS. 
Relations of communities, 308-15. 
Reptiles: economic value of, 10, >i; in 

timber and prairie, 15. 
Rntiles, scientific names: 
—^nemidcfhonu 6-tititalus, 337, 352. 
— Colvbtr cmatrictor, 15$. 
— Crotalus duriisus, 337. 
— Htteradon piatirlnnos, 3S5- 
— ^optllis vemaiii, 3S9, 399. 
— SislmTtu caUrialus, 304, 389. 
— ThamMpkis, 150: 

radix, 383, 38S, 396. 
— TropidoKOtus pohatim, 383. 
Responses, to day and nisbt, to weather, 

to seasonal changes, 31. 
Rheotaxis: AUeeon, 317; Lyonon, loi; 

of fishes, 34, 91,93, 95, loi; ofisopods, 

93J of mollusks, 106, 107; of stream 

Rivers, drowned and sluggish, loj, 103. 
Road^des, 13, 375. 

Rotifers: 65; diurnal migration of, 77) 
of Lake Michigan, 75-77; sessile, 131. 
Rotifers, scientific names: 
— Dinecharis tttractU, 84. 
—Notofs: 

peiagicus, 76. 

pygmatus, 77. 
— Rotifer dortiotus, 84. 
Roundworms, in Lake Michigan, 77. 

Salamanders; four-toed, 337; spotted, 
149, 378, 183, 396; sticky, iSt, 183, 
307; red-backed, 197, 243, 255. 

Sandpiper, spotted, 180, 181. 

Scorpion-flies, 303. 

Sco^ion-fiies, scientific names: 

— BtUactts, *o3: 
strigosus, 308. 

— Paiwrpa, 40, 191: 

Seasons: Relation of animals to, 31; 
succession with, 36, 37S1 quantity of 
plankton in, 67. 
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Sediment, in water, relation to Gght pene- 
tration, 63. 
Seeds, as animal food, 167. 
Segr^^tion of q>ede3, vertical in Lake 

Michigan, 83. 
Seines, Ule^, 57. 
Selection of habitat: 300-305; law of 

toleration in, 303-5. 
Sessile animals, food of: 97; in sea, 309; 

motile animals compared with, 309. 
Sewage, efiect of: upon stream animals, 

17; upon oxygen content, 17; upon 

plankton, 17. 
Sbeepsbead, 85. 
Shiner: 70, 84; common, 115, 119, ijo, 

t4o; eolden,65, 103,115, 119,130,143. 

143. ^sf>- 
Sbore-bugs, 180. 
Shores, sandy: of Urge lakes, 78; of 

small lakes, 135, 136. 
Shrew: common, 189, 191, 196, 301, 363, 

369, 374; short-tailed, 301. 
Shrike, loggerhead, 375. 
Shrimps, scientific names: 
— Eubranckipus, IT], 178, 179, 378; 

serratia, 185, 379. 
— PalatmoneUs puiiidosus, 116, 130, 135, 

Silversides, 85, 130, 135. 

Skunk, 13, 15, 169, 199, 363, 374. 

Slug cateipillar, 333. 

Slugs, scientific names: 

— Apiclimax campestris, 199, 300, 303, 

30S, 336. 

— PaUifera dorsaJis, 356. 

— Pkiiomyciu carolinensis, 306, 315, 140, 

341, 343. 247. »53, 354- 
Smeared dagger-moth, larva of, r90. 
Snails: aquatic, 90; in lakes, 130; reac- 
tions of, to hgnt, 39; reactions of, to 
water current, 34. 
Snails, aquatic, scientific names: 
— Amnicola, 80, 148: 

cincirmalitnsis, 117, 154. 

emarpnala, S3. 

Umosa, 83,99, 117, ■»'. t4S. '46,154- 

Upu>sa parva, 154. 

limcsa porala, 83. 

tuslrica, 83. 

umlkeri, 84. 
— AtKylus, 130: 

rmdaru, 131. 

— Apiexa kypnoTum, 193. 
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Snails— CiMKMMi.- 

— Camfehma, q^, 103, 104, 106: 

itiltgrum, 107, 108, 117, 133. 

siAsolidiim, 100, 117. 
— Gonubiuii, loy. 

tivesctns, 95, 98, 103, 116, i3i 

"6, 135- 
— Lymnaea, 84, 104, 131, us: 

exipia, 173. 185, 



174, 181, 



modieelia, 114, 

186, 187. 

obnusa, ISA. 

refiexa, 147, 149, IS4. '74, I7S- 18s, 

189. 

rcfiexa exilii, 154. 

slogHolis, S3. 

«^n#. 79> So, 84. 
—Phyia, 14S-IS1: 

tyritta, 93, 114, »i8, ui, 131, 135, 

154, 173, i8j. 

keteroslTopha, 154, 173. 

inUgra, 104, 117, 131. 
— Planorbit, iji, 185. 

dteorifuftu, 39, 83, 99. 104, 117, iii, 

"3. »S4- 

<»mAhmmAm, 114, 13'. '35i '47, '49, 

154- 

defieclus, IS4. 



304. 

triwlvis, 16, 149, 150, 151, 154. 
— Pleuraeera, 99, 103: 

ticmtum, 106, 107, 108, 131, 113. 

tktalum Uwisii, 117. 

"'^"'o'''' 39i >^36, 137, 135. 

subuiore inlinsum, iii. 
— Plturaceridae, 84. 
— 5egn«n/tiw armigero, 131, 13s. 'S4. 
— ViWMia, 80: 

bicarinala perdepressa, 83. 

»■««-«, 83. 

Iricat^nala, S3. 
— Vimpara conUcteides, Ji6, liS, 151. 
Snails, bibemation of, 191. 
Snails, terrestrial, sdenti£c names: 
— Circinaria cancava, 300, 104, 106, 237. 

'S3- 
-Ompk 
—Polygyra: 

aibolabris, ig7, 107, 31$, 3$7,2ii,2$4. 

ctausa, 300. 

froudulenta, 143, 256. 

ifi^fa, 334, »s6. 

munodon, 190, 213, 115, 154, 363. 

mtUtilineala, 206, 134. 



oppresiu, 343, 356- 

patliaia, 343, 356. 

^eBwyiranicfl, 336, 337. 

profunda, 300, 303, 3lj, 136, 237. 

thyraidis, 200, 203, 3o3, 313, 315, 

»34. 'S3, 'S4. 
— Pjifawiduio, 314, 315, 243: 

altemata, 193, 300, 136, 337, 243, 247, 

'S3, 'S4- 

persptcliva, 256. 

sotUaria, 336, 337, 343, 256. 

siriaUlla, 190. 
— ^uccin<a.' 

DMira, T87, 199, 203, 3oS, 282. 

ovalii, 208, 263, 164. 

reluia, 169, 1S7, 189, 199, 302, 304, 

208, 
—Vitrea indtntala, 205. 
— Zonitoidcs, 21$: 

arboreus, 190, 3o6, 334, 236, 243, 247, 

2S3, 306. 
Snakes, food of skunks, 369. 
Soil: 1S7~S9; effect at, on OTganisms, 
159; factor in distribution, 301; 
humus, 1 58-59 ■ 
Sowbugs or Isepoda, aquatic, sdenUfic 

— Asellus communis, 90, 98, 114, 131, 

IS4. 174. 185, 3o6. 
— Mancasellus danUIsi, 135, 154, 174. 
Sowbugs, terrestrial, scientific names: 
— Cylislicus convexus, 239, 353. 
— ■Parceliia ralkkei, 200, 340, 254, 253. 
SpatTOw: chipping, 374, 375; field, 374, 
37s; grasshopper, 167, 389; lark, 275; 
song, 263, 268, 2751 vesper, 167. 
Sparrow-hawk, 274. 
Spedes, animal: i; numberof, i\ plant, 

i; use in ecology, 3. 
Sphaeridae, scientific names: 
—Caiycuiina transversa, 83, 
— Musculiutn, 118, 179, 189. 

farlumeium, 147, IS3- 

seturc, 147, 153, i8s- 

Iruncaium, 121, 147, 133. 
— Pisidium, 81: 

comprcssutn, 83. 

idakoense, 83, 133. 

punctatum, S3. 

scuUUatum, 83. 

variabile, 83. 

ventrUosum, S3. 
— Sphaaidat, 69, 80, 83, 100, 103, 147, 

"SI, 1S3- 
— Sphotnum, 108: 

stamineam, 107, 116, t3t. 

striatinum, 80, 83, 116. 
I, 79, 84. 
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Spherid, anaerobic, 133. 
^ideis, 167. 
Spiders, scientific names: 
— Acrosoma: 

gracilis, 338, 140, 360. 

spinta, 13S, 340, 360. 
— AgeUna naema, 107, ai8, 3S4i ^9^. 
— Anyphaena compena, 160. 
— A rgiope : 

at^anlia, j6j, 264, 27*1 30- 

Irifasciata, 204, 205, io8, 132, 159, 

263, jgs, 396, 298. 
— Atlus faluslris, 376. 
— Alypus milbtrli, 277. 
— Caslianeira cingulala, 197, 207. 
— Chiracanlkium irtdusa, 187, 305. 
— Ciubiona obesa, 277. 
— Dendryplutnlts: 

miiUaris, 205, 206. 

octavu!, 104, 205, 206, 228, 25S. 
- — DUIyna: 

falituea, 206, 208, 228, 132, 257, 176. 

sublala, 1S7, 204, 207. 
■ — Diclynidae, 257. 
— Dolomedes: 

sexputictalus, 146, 169, 1S7, 283, 296. 

Untbrosus, 243. 
—Epeira, 198, 232: 

donuciiorum, 140, 357, 306. 

/oliaia, 1S7, 204, 206. 

gfgiM, 194, 20s, 206, 208,240, 357, 272. 

oceUala, 106. 

promtta, 204. 

trifolium, 205, 27G, 377, 296. 

IrtviUata, 1S8, 305, 314, 376, 284, 193, 

— Epeiridat, 108, 357, 260. 

— Eucia caudata, 187. 

— Eugnatka stramitua, 104, 296. 

— Gayettno ceUr, 360. 

—Ceolycosa pikei, 310, 237, 330, 250, 352. 

— Habracestum pidtx, 3o6. 

— Bypselisks fiofrtu, 307. 

— Leticaage korlorum, 203 , 208. 

— Linyphia pkrygiana, 360. 

— Lycos idae, 261. 

— Marvia niger, 260, 277, 398. 

— Af angora maculala, io6. 260. 

— J/uunufia mJia, 214, 264, 385, 296. 

— Misum«ssus: 

asperalus, 331, 333, 257, 293. 

obiongus, 207. 
—Noticnella iattrprcs, 261. 
— Oeyplila cmtspurcata, 296. 
— Pardoia, 215: 

lapidicitm, 313, 214, 21;. 254. 
— P*idi>^uj; 

audax. 207, 264. 

borealis, 397. 



podagrosus, 204, 393, 398. 

r«/w, 398. 
— PhiMromus: 

alaskensis, 223, 318, 137. 

omo^tu, 105. 

pemix, 359. 
— PifoW.- 

ituularis, 187. 

piralka, 20G. 
— Pisatiridae, 204. 
— Pisatirina, 198: 

uKdafo, 204, 206, 308, 377. 
— PUclana slellM, 104. 
— Rancima olealoria, 304, 314, 277, 393, 

— 5tn|a variabilis, 276. 
— Tetragnatha: 

trallator, 205, 106. 

(aboriosa, 169, 187, 308, 263, 176, 

284, 28s, 396. 
— Tkeridiidae, 257. 
— Theridium: 

frmideum, 191, 202, 306, 208, 340, 

337. 358. 

strait, 228, 2j8, 
— Tkiodina puerpera, 204. 
— Thomisidat, 357. 
—TibeUus duitoni, 187, 304. 
— Trochosa cinerea, 322, 252. 
— Woio mitraSa, 261, 
— Xysticus /ormolus, 338, 138. 
— Zygoballus betlini, 206. 
Spittle insects, habits of, 202. 
Sponge, abundant in stream, 97. • 

Sponges, scientific names: 
— Hettromeyenia argyrosperma, 133. 
— Meyenia: 

craUriJBTmis, 153, 
fiuviatilis, 133. 
— SpongiUa, ii6, 131: 

/rop/ii, 153. 
Spontaneous movement, 26. 
Springtails, tSo. 

Squirrels: 233; foi, »4S; Franldin 
ground, 269, 274; gray, tos, 103, 24s; 
ground, 167, 237, 286; red, 245. 
Sutions of study, 30, si~s6. 
Statoblast. 129. 
Stickleback, 85. 
Stimulus, defined, 26. 
Stinkbugs, hibernating, 202. 
Stonecat: 119; slender, 95. 
Stone-fly nymphs, scientific name: 
—Perla, 78, 116, 121. 
Stone-roller, 119, 120. 



„Goog[e 



INDEX OF SUBJECTS 



361 



Stones: in water, 78, 88, 55-97; 
about, 61. 

Strata: defined, 37; in aquatic vegetation, 
105; in rapids, 94-96; on land, 165. 

Stream conunimities: 78, 86-113; base- 
level, 103-s; intermittent, 87-92; 
longitudinal arruigement of, loS-ij; 
sandy, loi-z; sluggish, 10Z-5; spring- 
fed, 931 swift, 93-99. 

Struggle for existence, 5-6. 

Sturgeon, 85. 

Succes^on: autopioductive. 308; causes, 
308; defined, 36; ecological, 36; 
lorest, 247-50; geological, 36; lake, 
13s; pond, 153; seasonal, 35, 36, 
278; stream, 110-13. 

Sucker: carp, 85; chub, 115, 119, 14a, 
156; common, 84, 91, 91, to6, 115, 
119, i3o; long-nosed, 84; hog or stone- 
roller, 84, 1:9; red-horse, 84, 115, 119, 
140; short-headed red-horse, no. 

Sunfish: bluegill, 84, 99, 115, 119, 120, 
116, 156, 14:; b1ue-q>otted or gieen, 

long-eared, 99, 119; pumpkin-seed, 

116, 156, 141. 
Swallow; bank, 121; tree, 225. 
Swamp communities, 169-73, '89-97. 



Toleration, law of, 301-3. 

Tolleston beach, 47. 

Top minnow, 84. "o, "3. '3*. "35- 

Toxic substances, in soil, 159; in water, 
331 ("4. "40). 

Tran^Mirent animals, 77. 

Tree-fauna, differs with surrounding 
conditions, 16, 251. 

Trespass laws, 56. 

Tropism, 26, 27. 

Trout, Mackinaw or Lake, S9, 78, 79, 
80, 82, Sj. 

Turkey, wild, 14. 

Turtles: geographic, 130, 13s, 136; 
haluts of, 1301 musk, 126, 130, 13s, 
142, 156, breeding of, 130; painted, 
133, 156, 227; protected by law, 37; 
snapping, 132; soft-shelled, 130; trans- 
portation of animals by, 173. 

Turtles, scientific names: 

— Aromochclys odorala, Ii6, 133, 142, 
,56. 

— Asptdonectts spinijcr, 130. 

— Ckrysemy! marptutta, 132, 156, 227. 

—Grapttmys gcDgraphicus. 130, 13s, 156. 



Tadpole catfish, 85, 105, 119, 14a. 

Tamarack swamp communities, 193-97. 

Tanager, scarlet, 144. 

Tans, 26, 27. 

Temperature: of soil, 15S-C9; habitat 

compared, 159; control of distribution, 

199-304- 
Temporary ponds, 173-S0. 
Tendon lines between laud and water, 

169-88. 
Terminology of ecology, 36-38. 
Termites, 220-21. 
Termites, scientific name; 
—Termes fianpes, 220, 252. 
Tern, black, 170. 

Terrestrial conditions, 169-8S, 247-50, 
Thicket communities, 262-75. 
Thrush: hermit, 195; wood, 241, 344. 
Thysanaptera, 306. 
Tiger-beetles, iSo, 216; larvae, 210, 214, 

216. 
Toad: 167, 187, 283, 296; daily habits, 



Valparaiso Moraine, 46. 

Variation of behavior and habits related 

to conditions, 34, 
Varying hare, 15, 191, 195. 
Vegetation: aquatic, 65 {See Plants); 

climatic, 49. S", 5'. '74- 
Vernal fauna, 173-80. 
VtTtebrala, 2. 

Vertebrates, products from, 11. 
Vireo, red-eyed, 196, 244. 

Warbler: black, 241; blackbumian, 196; 

black- throated, 229; green, 339; pine, 

339; prothonotory, 190, 191; yellow, 

196, 241, 274, 275. 
Water in soil, 157-58. 
Water margin communities: -»-^*-' 

sedge-covered, iSi; shrub 

181; terrigenous, of large la 

of ponds, 180, of rivers, 181. 
Water scavenger beetles, 65. 
Water- scorjHons, 65, 104, 133, 

155- 
Water-striders; 90; hibematiot 
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Watei-striders, sdeotific names; 
' — Cerridat, 185. 

mar^nalus, 153. 
rufoscuiellalus, 155. 
— MtsoKlia bisignata, 1$$. 
— Rhafcvelia colloris, 98, 117. 
Weasel, zoi. 
Weeds, avoided by aquatic animals 

during flood, 105. 
Weevils, 167. 

Wheel animalcules. See Rotifers. 
WJutefish: 76, 77. 81, 85; blackfin, 81, 

8a; Hoy's, 81, 81, 85; long-jaw, 70. 

80, 81, 85. 
Willow blossoms, visited by poUen- 

gathering insects, 224-25. 
Willow sawfiy: large. 267; spotted, 267. 
Wddcat, 142. 
Wilting coeffident of soil, 158. 



Wind: influence on drculatkm b lakes, 
61; reladon to light penetratbn, 63. 
to evaporation, i6a, 163, i6j. 

Wolf, IS, 167, loi, 336, 138, 245. 

Wood pewee, 196, J44, 

Wood thrush, 241. 

Woodchuck, 215, 233, 236, 

Woodcock, 189, 191. 

Wood-frog, J44. 

Woodpeckers: 196, 374; downy, iig; 
in beach drift, 219; red-headed, 242. 

Worms: flat, 10; round, 20. 

Wren: long-billed mar^, 171; short- 
billed marsh, 181. 

YeUowlegs, 181. 

Yellowthroat, northern, 1S9, 161, 275. 

Zonation in forest edge, 363. 



„Goog[e 



„Goog[e 



LAKE MEDICAL LIBRARY 



dnyGoogle 



J'^^„ 



^c 




DiBiiizedb, Google 



„Goog[e 



